


Heating - Piping 
aiAir Conditioning 


Lol. 10, No. 4 ° April 


Proper Control of Air Circulation 
Important in Heating and Ventilating 


By Lee P. Hynes 


N designing a satistactory heating and ventilating ire trequent pened pre 
system tor a room or building, it is necessary t ue to the great rus ( 
make a careful study of many factors besides th time a door is ened 

actual size, shape, and heat losses of the structure. It infiltration of cold air at sucl 
is very essential to consider the internal air movements some shops and factories a lat 
which are likely to occur during normal or unusual op must be introduced to overc 
erating conditions, and to control them Many larg¢ various sources and this likewise int uce 
rooms having heated floors above and below lose heat entilating problems 
principally through external walls and window surfaces ach job must be carefully studied 
and therefore do not need much heat applied to interior ment provided to take car per , 
spaces. Large rooms having a roof directly over them, ditions under which the spac« ill be use Mi 
particularly where skylights are used, require heat dis circulation of the air is usually neces 
tribution to overcome the cold downward movement of give adequate control 
air in the interior as well as along the walls. Rooms 
with high ceilings must be treated differently from thos Garages and Bus Terminals 
of normal height. 

Rooms having large exterior openings or doors whicl Garages, bus te Inals, repal 

Consult k ! M ‘ Board Consultin ‘ sembly plants aye ouses. elec ; 
g Editors ints, and paint rooms off é ( 

Fig. 1—Old street car | nverted to bus t ‘ 
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Fig. 2—All electric units heat this bus terminal, where 
steam for heating was not available 


careful individual design. Garages and bus terminals 


often have low ceilings and always have large doors 
which are frequently opened. 
along which incoming cold air flows and causes discom 


They have concrete floors 
fort, particularly when men have to lie on the floor 
while making inspections or repairs 

Carbon monoxide gas and other products of combus 
tion given off from engine exhausts tend to lie along 
the floor and become a serious hazard to men working 
there. In warm weather natural ventilation may be 
ample if large openings are provided in opposite walls 
near the floor level so that large volumes of outdoor 
air can flow across and sweep away the gases. This 
should also be supplemented with ample overhead vents 
to increase air circulation. 

\ desirable measure of dilution is one part of carbon 
monoxide gas in 10,000 parts of air. As one idling 
car engine may produce as much as 40 cu ft per hr of 
monoxide gas, it is obvious that very large volumes of 
outdoor air may be necessary under all weather condi 
tions. In cold weather natural ventilation cannot be 
relied on because of cold drafts and excessive heating 
costs. 

\ well planned mechanical system can do the job 
much better and more economically than natural ven 
tilation and the best plan is to bring in outdoor air at 
the reof. It should pass through suitable heaters and 
be driven down to the floor level at central points in 
the garage areas. This downflow of warm air must be 
designed with adequate linear velocity to reach the floor. 
\fter impinging there it rolls along under the cars to 
ward the walls. Failure will result from using equip 
ment with too low a nozzle velocity. 

Suitable exhaust fans should be located in the walls 
to pull the gas laden floor stratum of air to them and 
discharge it outdoors. By a suitable arrangement of 
dampers, some air can be recirculated through the heat- 
ers and at times when no engines are running the system 
can be operated with complete recirculation and the 
exhaust fans can be shut down to conserve heat. Re 
mote control and electrical interlocking permit complete 
flexibility to meet any operating condition. 

Fig. 1 is a good illustration of how a complete change 
in operating conditions can be met by installing adequate 
mechanical equipment. This shows an old street car 
barn in Schenectady, N. Y., after being converted into 
a bus terminal. Natural ventilation had been ample in 
the days of trolley cars, but could not meet the new 
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problems caused by bus engine exhaust 
Buses need warming up before starting out 
their runs and this demands a sudden px 
ventilating capacity and also in heating cap 
during cold weather. 

This problem was solved by installing 
head special combination heating and ventil 
units arranged to bring in outdoor air th 
the roof, warm it, and drive it down to the 
at a proper velocity Automatic damper 
rangements control the outdoor air mtakes 
permit recirculation of any desired part 


air handled by the blower units Pow 


exhaust fans in the outside walls near 
floor level draw the heavy, gas laden ait 
the floor level and discharge it outsick 
arrangement provides an adequate supply of outdo 
and thoroughly warms it before it enters the wor 
zone. This warm, outdoor air is forced down to tl 
level from above, displacing the unwholesome fumes 
the colder, heavier air at the bottom which is forced 
toward the exhaust fans where it is discharged 
doors. Because of recirculation, the pocketing 
air at the ceiling by convection is also prevented 
results in a greater economy of steam 
terminal 


Montreal Quebec Tramways Company with larg: 


In the case of a new motor bu: 





Water is heated electrically for washing buses and for 
domestic use, the equipment being installed overhead 


} 


steam is not available and electricity is used as a he 
ing medium. Special fan circulation unit heaters 
suspended overhead from the structural roof trusses 
shown in Fig. 2. These heaters discharge warn 
downward with a proper velocity to reach the floor k 
where it rolls along under the buses, making a 

fortable working zone. 
doorways temper the incoming cold air. 
has operated very successfully under the severe Canad 
This building is much smaller t! 


Similar units in front of 
This syst 


winter conditions. 
the Schenectady car barn and it was possible to arran; 
a satisfactory system of natural ventilation supplement 


by mechanical means. 
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[his building also presented a special water heating 


problem because no steam was available. Large, ove 


ad, electrically heated tanks were installed at various 
points as shown in lig. 3. 
washing buses and for toilet purposes in the repair shop 


These supply hot water fo: 
nd in the public waiting rooms. These waiting rooms 


are also heated by electricity with special fan circula 
n units. Both garage and waiting rooms have auto 


matic temperature control. 
Cold Drafts at Doors 


Every large garage is faced with the problem of cold 
drafts every time the doors are opened to let cars in 
out Wind velocities are seldom less than 5 mph 


and often are very much higher. Even at times of 


little wind the heavier cold air rushes in along the floor 
und displaces the lighter warm air which is forced out 
the upper half of the doorways 

Fig. 4 shows how this can be overcome. It illustrates 
one of the entrances to 


Paul, Minn.., 


ing a high discharge 


a large public garage in St 


where cold drafts were cured bv install 


velocity unit heater overhead just 


inside each door \ curtain of warm air is forced d 


> 


to combat the inflow of cold ait Such air as does 


enter the main area of the garage 
further distributed by 


is well tempered lt 


is then similar heaters whicl 
constantly drive warm air down to the floor levels 

In a large, modern, auto assembly plant conventional 
methods of heating were tried but serious trouble was 
experienced because of the large openings required for 
\ctual tests showed 
little 
f cold air had a velocity 


up to 400 tpm, and this cold draft could be felt several 


the outgoing line of assembled cars. 


that in cold weather, even when very wind was 


blowing, the incoming dratt « 


hundred feet away from the doorways. 


\s these doors must be kept open because of the 


constant outgo of finished product, it was necessary to 


\fter careful study the 
trouble was finally corrected by installing large, hig! 


redesign the heating system 
velocity, unit air heaters near the ceiling in front of the 
open doorways. These drive warm air downward to the 
floor, 


cold air impinges, 


forming a curtain against which the incoming 


thus mixing and tempering it ef 
fectively 


Fig. 4 


This unit heater in a public garage kills cold door drafts 





Odors, Fumes and Condensation 


Rooms Tool other uses require cditterent und] 
laurants tace a spe ial probl 1 Im ove { 
and steam from the kitchens this must be 


plished by exhausting i large volun 


kitchens with a consequent all How tron th 
rooms toward the kitchens This f course, re 
the introduction of an adequate supply 
warmed air into the dining ro ‘ t caus 
plaint of drafts Lhe tre pening 
trance doors ci mplicates | ters ancl ore thy 
of cold air can be checked by planin 
air torce | icTOSS the cdl rwa 

Paint TOOTS and ormey lox i \ 
are evaporated can best be ventilate 
at the ceiling by natural or ( TL 
houses logy prevention can bn t my ‘ 1 WW 
exhausters located over the vats t ‘ thi 
be Tore the y can conde s¢ 

In wtomatk electt Cc 1) ‘ ‘ 

n unusual 1 Jem is encounters 
oO provide uman <¢ ort 

ill p esent he ( i be 1 ( ‘ 
5 W inted while mspechior ( | 1 r r C 
on, but normally the only heat need 
tion of condensatio1 | elec ( 1111 ‘ | 
cause serious trouble through the break 
ing materials 

Condensation indoors is caused just 
out of doors, by warm humid tac { 
cooler surfaces and being reduced to its dew 
perature Ventilation alone will not overcom« 
ble, but may even increase it \entilati does 1 
during a period of falling outdoor temperature be , 
inv air which enters the building is warmed som 


hence its dew point is not reached 


Che trouble comes afte a cold spell e mtet 
walls and the equipment have been chilled Witl 
rising outdoor temperature, the air has an increas« 
capacity to carry moisture and as the warm, hu 
enters the building and meets the colder surfaces it 
chilled to its dew poimt and condensation forms 
greater the volume of air introduced, the greater t 
amount of dew that forms inside the buildir 


One way to prevent condensation is to provice 


enough heat to avoid reaching the dew poin 
also to maintain a rap! 


Neither will do the job 


alone but by a properly proportioned c 


ture of the incoming air and 
recirculation of the internal ai 


densation troubles can be avoided without wastin 
\ well proved method is to install special fan circu 


lation electric ai units with an electric dew 


heating 


point control regulator. This does not keep the in 
ternal air temperature constant as a the rmostat woul 
do, but automatically causes it to rise and fall in har 


mony with outdoor temperature changes. By this means 


no heat is wasted. Exactly enough is called for to main 
tain the internal temperature just above the dew point 
temperature of the air which filters in from out of doors 
This 1s all that 1s necessary because no condensation can 
form in the building unless the incoming air drops it 


~ 


t mperature alter entering 


{Figs. 1 and 4 courts I |. Wing M ( 
E. W. Playfor Ltd.] 
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Control of Air-Borne Organisms 


Recent Studies on Bacteria in Air Reviewed 


ANKIND lives and dies surrounded by myriads 
of invisible but living organisms known as bac- 
teria. These single cell organisms, too small to 

be seen by the naked eye, have a profound influence on 
our daily lives. The average diameter of the spherical 
shaped bacteria (cocci) is perhaps 1 micron (approxi 


rate, these bacteria from the throat and nose live 
enough in air to transmit disease by inhalation. 
These observations were not altogether unexpe: 
as there had been much previous information on 
subject. Dr, A. lL. Kendall, former dean, Northwes: 
University medical school, for instance, in his 
“Civilization and the 


mately 0.00004 in.). Some 
idea of their size can be had 
by considering that 700 of 
these bacteria placed in a 
straight line end to end 
would pass through an or 
dinary pin hole. * 

Bacteria propagate by 
subdivision and it has been 


By H. C. Murphy* 


Some of the recent studies on air-borne organisms 
are reviewed briefly, and the advantages of filtering 
air for controlling bacteria are suggested. . . . The 
author, who has had a wide experience in the control 
of bacteria by air filtration in different industrial 


crobe,” published in | 


demonstrates the § dis; 


dre yplets and 


sion of 
borne organisms in the 
lowing manner: 

\ harmless mic? 


known as bacillus py 


calculated that under ideal 

conditions the progeny of 

one bacterium would in five days fill a space equal to 
all the seas on earth. Nature has, of course, set up checks 
to prevent any such development, but the rapid multi 
plication of bacteria presents a real problem to the med 
ical world. Early Sanskrit records indicate that the 
Aryan doctors 2,000 years ago recognized the spread of 
disease by contagion and were acquainted with the value 
of sterilization by heat in the control of infections. 


Bacteria in Air 


For more than a generation physicians have been 
taught that germ carrying droplets ejected when we 
cough, sneeze and talk, drop to the floor more or less 
like grains of sand, there to lie and die. Recent work 
at the Harvard School of Public Health by Wells and 
Stone has shattered this comforting doctrine. It was 
Fligge, in the latter part of the 19th century, who 
thought he had demonstrated that infectious droplets 
fall harmlessly to the ground and this had been quite 
generally believed until Wells and Stone so conclusively 
demonstrated the fallacy of this theory. 

The organisms tested at Harvard were sprayed in dis- 
tilled water into a sterile, microbe-tight chamber. Most 
of the droplets were smaller than a thousandth of an 
inch in diameter. They evaporated before they fell to 
the floor. Samples of air taken from the chamber at 
intervals of half an hour to eight days, however, dis 
closed thriving colonies of bacteria which could be seen 
with the naked eye. Some bacteria were thus carried 
about alive for days. Others died in less than an hour. 
The studies indicated that bacteria expelled into the air, 
and therefore easily inhaled, lived longer than those 
carried by liquids and foods. It would appear possible 
that the organisms responsible for respiratory infec- 
tions are especially adapted for air transmission. At any 
5 *Vice-president. American Air Filter Co., Inc Member of Beard of 
Consulting and Contributing Editors. Mr. Murphy is chairman of the 


committee on air cleaning of the American Society of Heating and Ventilat 
ing Engineers 


to 
~ 
te 


processes, will discuss some of them in a later article sus, is used as the 
erm, Uw grows re 
upon many organk 

stances, and is sometimes found in the air \ st 


amount is introduced into the mouth of the den 
strator, who takes his stand at one end of a r 
previously prepared for the experiment by exposing 
various levels and places dishes of sterile gelatin. |; 
the room is shown by previous experience to conta 
no organisms capable of growing as red colored spot: 
on the gelatin, it may be assumed that the appearance 
of red growths on the gelatin plates, after a certai) 
period of time, represents the bacteria that have actual 
transmitted through the air when the experimenter talks 
coughs or sneezes. The results of trials 
shown quite definitely that bacteria are actually expe! 
Also, it appears, the 


many 


from the mouth of an individual. 
may pass through the air and lodge in the nose or mout 
of another individual. 

In the experiments with bacillus prodigiosus, grow! 
were obtained in the uttermost corner of the room a1 
40 ft distant, and in one instance the microbes wer 
driven by a gentle current of air from the experimente: 
room through a hall and up a flight of several stairs. D: 
Kendall states that the microbe leaving the lungs 
careless consumptive is sent upward and outward wit! 
thousands of its fellows, and scattered in the air about 
Droplets very minute but large in comparison with the 
microbes, may remain suspended in the air for man 
feet or yards. In theaters, cars and crowded schools 
the chances of inhaling them are very numerous 


Studies Made in New York City 


Investigations in New York City by two groups 
investigators were reported recently in the Ame? 
Journal of Public Health. Soi Pincus, deputy comn 
sioner of the New York department of health, and Art! 
C. Stern, superintendent of the WPA air pollution s 
vey, gave the following figures in the April, 1937, issu 
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Per Cubic Foot of Air at Various 


Incubated 18 hours at 37 ¢ 


Bacteria 


Week ending Friday. January 10. to week ending Friday. 
June 26, 1936 
EE! I » BREE: Br ‘I 
IN} w AGAI iA 
DA Eh \ AC TI 
I PER 4 I ( 
AMI s D SAMI Au 
707 20 ¢ 6o7sS me 
» 2 nn) lv 2 24 2 { 
104 13.2 110 84 
: ’ 144 l 114 1 4 
S 143 Li .2 134 sS 
v Is > 


Locations 


Streptococci per Cubic Foot of Air at Various Locations 





(Sheep's Blood Beef Infusion Agar) 
Sixteen weeks period January 23 to May 15. 1936 
BETA \ A 
’ } ALI HeEMOLYTIC| HEMOL\ 
AMPLES | STREP STREPTO STPEF 
> 0 20 0 Ul 0 1S 
22 0.10 0 0003 0 OS 
78 0 O04 ) OO1 0 O88 
\ 116 0.08 0 0005 | 0 .02¢ 
123 0 05 0 OOO! 0 045 
From these tables it appears that the air in ventilated 


snialler bacteria 
In fact, the 
the 


venti 


studied in this has a 


unt than that in the schools or subways 


Ineaters survey 


hgures indicate a_ slightly count in 
The 


ated theaters covered by these studies were equipped 


lower bacteria 


ventilated spaces than in the public parks. 


with air filters, while the schools were not so equipped 


ihese filters were installed to eliminate dust and the 


may be a further indication of a close conne 


esults 
between atmospheric dust and air-borne organisms 
Stern 


‘incus and state ““While numerous studies of 
acteria in air were made during the 19th century, th 
results were of negligible significance. However, dur 
ng the first two decades of the present century, a num 
er of workers in public health in the United States 
Vinslow, Baskerville. Weinzirl, Soper, 


wne, Ruehle, Whipple and others) using various 


Rettger 


ger, 
ifications of the double sand filter originally designed 


etri and, in one instance (Rettger) using an im 
ed water aeroscope, made studies of air in schools 
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Bacteria control in the mann- 
facture of nut butter Air is 
first filtered in the plenum 
chamber shown in center of 
picture and refiltered at outlet» 
of the ducts into drying room 
street 
ilk 0) 
tive r 
wit ‘ , 
1 ¢ i t : 
7 
Tis ‘ft 
str Cor 
t 
Su ‘ 
ul ( 
. \ 
( \ 
{ le 
4 apparatus tor each step in th 
teria; that 1S, one ipparatus t ( 
© measure it, still another t ( ( 
' ] t) ] : ; o . 
, and a nna me to grow ‘ 
No doubt the ompli iwions I 
' 
cumbersomeness ot apparatus. hampers ; 
’ ’ 
ol sampies This may ac t 
| , 
in air analysis and its lapse s 
ot air bacteriology was greatly s ute 
revived, by the cle velop ent ( It We 
1933 This centrifuge eate 
at low precipitates the bacte 
aval ind then permits ¢ the ( 
ubation of these media on the { 
T] 1 st} ’ } 7 , 
e ease with whi Sampies are » 
11 4 1. "Wh, 
Wells centrifuge simplifies th nny 
] ? } | | na 1] 4 | 
rMWculon OL samples al allows ( 
ar , 
schedules tor sampling For exXampi 
have ea been sampled twice a er { 
ae , " 
{ tne week m tne identical ro . 
ot the da for period of am ximate 
l1« 1 
until the se Ss ciosed tor the s Ti ~ 
lar] 7 ' ] ’ 
Wari al Ss Wavs as Deel ( 
five days a weel e san ne S ‘ 
: 
theaters, both before and du verte 
the remaining types of locati 
‘ | | 
Che table aisO gives the « t¢ I r 
tococcl pet CUDIC oot ¢ air he S: ‘ 4 
ons for a 16 wee period fre levy \ g 
It s seen thal ere agall ( s 
cocci! than do iny { LVI t t 
way 1S again second ihe st ’ 
hndings tor all bacteria per cu e slight ( 
streptococcl tl i iO tne aud - I al 
| 
theaters Vhe ucts of venti | theate I 
the lowest numb Che d n of ( 
. 
into \lpha ind Beta Sstreptoc snow ( \ 
streptococci are in great pre erance It 


great interest that approximately 90 per cet 


Alpha 


alr are 


the human naso 


system of classification for 


organisms 


hemolytic str 


wl 


pron 


sC¢ 


ne 


normal 


pharynx, as 


l 


hahitat 


streptococci 


) 





SERVICING AIR CONDITIONING JOBS 





Refrigeration Trouble-Shooting 
By W. A. Stains* 


RDINARILY, the indications of trouble on a 

direct expansion coil air conditioning job of the 

usual type are low suction pressures; high suc- 
tion pressures; hunting, cycling or wavering suction 
pressure gages; sweating or frosting suction lines; cold, 
sweating or frosting crankcases and cylinders; cold dis- 
charge lines; high air temperatures; and allied and re- 
lated effects. 

Wherever these faults are observed there are one or 
more causes. Low suction pressure may be due to sev- 
eral reasons, some of which are too small an evaporator, 
too light a load on a given evaporator, low refrigerant 
charge, inadequately sized liquid line, obstructions in 
liquid line, evaporator situated at considerable height 
above liquid receiver, and others less commonly under 
stood. 

High suction pressures indicate unbalanced conditions 
between the evaporator and compressor wherein the 
evaporator is absorbing more heat load than the com- 
pressor and condenser can disseminate. This may be 
due to unexpected high load conditions from the volume 
or temperatures of air passed through the evaporator and 
oversized expansion valves introducing too great a vol- 
ume of liquid refrigerant into the evaporator.’ 

High head pressures at the valve may also produce 
high suction pressures or variable suction pressures be- 
cause the valve, being sized for normal pressure drop 
across it, will allow more liquid to enter the evaporator, 
which increases the gas volume and the suction pressure 
rises accordingly. This effect is the same as an oversized 
valve and usually produces a cycling effect in the suc- 
tion system comparable to a “flood through and pump 
down”’ cycle. 

The oversized valve, or the correctly sized valve sub 
jected to extremely high head pressures, produces a con 
dition with thermostatically controlled expansion valves 
that seems paradoxical. This is because the flow of 
liquid through the valve into the evaporator is at a great 
er rate than the capacity of the evaporator to evaporate 
the liquid. Consequently some of the liquid passes 
through the evaporator to the location of the thermal 
bulb and due to the low temperature at the bulb closes 
the valve and stops the flow of liquid to the evaporator. 
The liquid in the evaporator is still flowing to the thermal 
bulb location and the time required for all the liquid to 
evaporate or flow past the bulb is the time the valve is 
closed. The complete evaporation of liquid quite likely 
is taking place at the entering end of the evaporator 
while a saturation still exists at the bulb; hence the valve 
remains closed until all the liquid is evaporated in the 
coil or tubes and a degree of superheat is set up again 
at the bulb to open the valve—and the same cycle recurs. 

"Sales Engineer, Alco Valve Co.. Inc. 


1William Goodman’s article “Simple Way to Analyze Performance of 
Compressor-Evaporator Combinations,” which was published in December 


is of related interest. 
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This action reflects on the suction gage by waveri: 
the indicating hand. 
Sweating and frosting lines can be attributed to 


eral causes. Periodic sweating at high suction and { 


ing at | 
through 
the valv 
scale in 


ow suctions indicates liquid feeding impro 
the valve. This may be due to improper Ss! 
‘e, improper application of thermal bulb, 
the valve tending to hold open the valve too 


valve not sensitive enough to anticipate load changes 


combina 
suction 
perfect ly 


tions of these. It must be kept in mind 
lines will sweat when everything is functi 
if the lines are situated where the dew 


temperature of the surrounding air is higher tha: 
temperature of the suction gas, even though the su 


gas is superheated. Frosted suction lines on air « 


tioning 
and the 
Cold, 


more re 


rated, w 
sor—ter 
throveh 
various 


work are accompanied by low suction press 
reasons given for low suction pressures apy 
sweating or frosted crankcases are the result 
frigerant in the evaporator than can be 
‘hich causes liquid to flow back to the comy 
med “flooding through.” Quite often, flo 
is a result of poor refrigerant distribution in t 


tube passes of the evaporator; in other words 


liquid refrigerant is not fed to the several tube circuit 


li prop 


yrtion to the load on them. This condition 


caused many systems or parts of the system to be 


demned 


; quite often the thermal valve is conde: 


when the trouble really lies elsewhere 


\ cf | 
refrigerz 


th m cor 


d compressor discharge pipe is an indicatiot 
unt liquid flooding back to the compressor 
nection in considerable quantities. Usual! 


cold or sweating crankcase is accompanied by a c 


press ir 

High 
in the cz 
tributiotr 


liquid supplied to the evaporator by too small a 
a properly sized valve with the remote thermostat 


not pro] 
tem, or 


discharge line, but not always. 
air temperatures leaving the evaporator ind 


ise of adequately sized evaporators, imprope! 


tin 


1 of refrigerant through the evaporator ; 


1 


( 


erly located ; shortage of refrigerant in the 


insufficient supply of liquid to the valve du 


restrictions in the liquid line; too small a liquid 
too small a king valve; or insufficient pressure 


valve. 
vertical 


This latter condition may be due to an ext: 
head between the receiver and the valve, w 


causes a drop in pressure at the higher point and tor 


gas whi 
tempera 


lines or 


ch causes gas binding of the liquid. Hig! 
tures are also due to inadequately sized suct! 
insufficient displacement in the compress 


There are other reasons for high air temperature, 


as air le 
systems 
leaving 
reasons 
cerned 


~akage between fan and coils on “draw throu 


where warm air is mixed with the cool air a! 
the coil before entering the fan. Many ot! 
might be given, but as we are primarily 

with the refrigeration phase of air conditio1 


they are neglected here. 
Where the evaporator is not of sufficient capacity 


the loac 
evident. 


| 


1 the cause of high air temperatures is cl 
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n amplifying the foregoing catses, more explicit ex 
amples will be taken up, analyzed and explained with 
suygested remedies. 

When too small an evaporator is used but the com- 
pre ssor capacity is sufhcient, it is quickly evident that 
low suction pressures will ensue. In analyzing this, it 
becomes evident that there is a certain heat load that 
must be transmitted from the air passing through the 
evaporator to the surface of the evaporator and in turn 
to the refrigerant in the tubes. The refrigerant does its 
greatest work or absorbs the greatest number of heat 
units when it evaporates from a liquid to a gas. This 
capacity for absorbing heat in the transition from liquid 
to gas is the latent heat capacity or “value” of the refrig 
erant. 

In changing from liquid to gas the volume of the 
refrigerant increases materially, as in the case of “Freon’”’ 
at 37 Ib per sq in. when 1 cu in. of liquid expands to 
68 cu in. of saturated gas 
of liquid into saturated gas approximately 3'4 Btu is 
It becomes necessary therefore to expand as 


In expanding this cubic inch 


abst wrbed. 
many cubic inches of liquid into a gas as there are 3 
lf the evaporator can evaporate 


Btu in the total load. 
Btu that 


only 0.8 or 0.9 cu in. of liquid for each 3 
must be absorbed, it is self-evident that with the evapo 
rator working at full capacity there just isn’t enough 
surface or evaporator to handle the full load. Conse 
quently the suction pressure dre ps, because the displace 
ment of the compressor is greater than the amount of 
gas formed in a given time, and as not enough Btu's 
have been taken out of the air, the air temperature is 


higher than desired, In this case the remedy is a larger 


ly ry 
AaAUANIATY 


evaporator, precooling of the air by som 
means, or lessening the total heat load of the air being 
conditioned by insulation or elimination of heat prod 
Ing means Necessarily it will require slowing up thx 
compressor to balance the actual heat transfer, or eve 
lower suction pressures may be encountered 

When the compressor and evaporator are propet 


sized and balanced. pipe lines are properly $iZec, Vv ily 
are correctly fitted and applied, sufhcient refrigeran 
checks out correctiyv, vet 


the suction pressure is too low, the 


in the system, and everything 


trouble 





Air-Borne Organisms— 
{Concluded from p. 233] 

\ bacteriological survey conducted by Drs. C. B 
Coulter and F. M. Stone of the College of Phy sicians 
and Surgeons, Columbia University, reported in the 
October, 1937, American Journal of Public Health, is 
Their studies extended over a period 
There 


also of interest. 
of 18 months and covered 246 telephone booths 
seemed to be little difference in the number of air-borne 
organisms found on the lower east side and in the un-air 
onditioned telephone booths at Radio City. Pneumonia 
ind streptococci germs were found in about the same 
number in unventilated telephone booths in both loca 
lions 

In the Radio Corporation of America building, for 
example, a series of seven booths gave counts below 60 
per instrument with an average of 32, while in the 
Long Island Railroad station the figures for five instru 
ments lay between 132 and 924, with an average of 500 
“The difference between these two series may be due”, 
the report states, “to the fact that the former telephone 
booths are in compartments which are supplied continu 
ously with air freed of dust by air conditioning while 
in the latter, dust from the concourse may be carried 
readily into the booths.” 

W. F. Wells reports in the Journal of Industrial Hy 
gene “Bacteria in the ‘nuclei’ of evaporating droplets do 
hot settle as rapidly as when they are attached to float 
ing dust particles; this was determined from studies of 
the humidification of textile mills of Massachusetts made 


for the state department of health. Dust particles pro 
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in the air loading ; the quantity of air passed through the 
evaporator 1s too small or the inlet dry bulb or we 
bulb temperatures oO! both are too low he air te 
peratures and volume should be checked t leter rie 
they are in accordance with the design conditions 

lf the air volume is too low it may be du 
expected or undue resistance in the syste . whicl 
or may not be easily corrected resting wW tl tL mano 
eter or pitot tube will indicate if such the Use 
resistance is in accordance with design, the fan delive 
is apparently short in volume due to the fan speed bei 
too slow The fan should be speeded up, but bea 
mund that if the air volume is low but resistance 1s right 
the increased air volume secured by greater rpm ot the 
fan will increase the system resistance t the « ect 
volume and the power requirement will material! 
crease Be sure that the fan driver is capable ot hand! 
an increased load within safe limits 

Future articles will take up other servic probles 
vide the principal source of air bacteria e breal 
ing and carding rooms of cotton mills, while bacteria 
nuclear residues of humiditying water sprayed into the 
air predominate in weaving rooms. In the dusty om 
approximately five times as many bacteria for a givet 
number of bacteria caught by the air centrifuge were 
observed to settle on a Petri dish in a given time a 
were found to settle in the heavily humidified rooms 
[his ratio increases to almost fifty when compared t 
8. coli in ‘nuclei’ experimentally added 1 e air b 
inoculation of the humuidifying water It is evident tl 
‘nuclei’ become widely distributed by air motion and that 


Petri dish exposures are useless in their determinatior 


“Wide distribution of 
moculating t 


‘nuclei’ in buildings was fut 


ther demonstrated by ie humidifving wate 
. ; 


a culture of B. co 


of a one room air conditioner with 
hool ol Public Healt! 


in the basement of the Harvard Sch 
Numbers of this test organism were recovered from the 
ends of every corridor up to the top floor of this non 
mechanically ventilated three story building, in concen 
trations approximately 1 per cent of that in the air con 
ditioned room 

“Experiments in an occupied standard air conditioned 
room have demonstrated that large numbers of typical 
nasopharyngeal organisms (streptococcus viridans and 
micrococcus catarrhalis) are projected into the air by 
sneezing and can be recovered in appreciable numbers 
from the air in the room 10 minutes after it has been 
vacated An average of more than 20,000 of these or 
ganisms were discharged into the air per sneeze.” 


various applications of air 


[A second article will describe 


filtration to control air-borne organisms in different in¢ 








Modern Piping Essential Service 
in the Molded Plastics Industry 


By C, E. Herington* 


H1E molded plastics industry, conceived in the 
chemical laboratory, and developed to a major, 
far reaching industry by business initiative, pre 
sents a variety of problems to the piping engineer. 
Modern plastic production demands wide variation in 
steam and water pressures and temperatures, as well as 
\s a result, a molded plastics 
power piping 


the use of compressed air. 
plant contains interesting examples of 
methods and equipment. 

The Reynolds Spring Co. of Jackson, Mich., recently 
completed erection of a new plant in Cambridge, Ohio, 
operated by the Reynolds Molded Plastics Division of 
the Company, which is devoted to the manufacture of a 
large variety of plastic products. 

At present, 20 hydraulic molding presses are installed, 
but the entire plant and piping layout allows for future 
expansion to the extent of an additional 40 presses. The 
presses are served by a 3000 lb hydraulic line, a 500 
lb hydraulic line, a 125 lb compressed air line, a 150 Ib 
steam line, and a 65 lb cold water line. Returns con 
sist of a hydraulic return line, and a combined conden- 
sate and warm water return line. All lines culminate 
at the presses in multiple control valves manually or 
automatically operated for the control of press operation 

The 3000 Ib hydraulic line begins at the pump bypass 
valve and extends to a 40 gal high pressure accumulator 
through a choke valve. Mains at the presses are taken 
off with solid forged fittings. The mains are made with 


"Mellott & Snyder 


long sweep bends in order to lower the triction 
and minimize the water ram. The molding press 
placed in a line parallel to the length of the bu 
and the hydraulic branches parallel to the line of | 
are taken from the main with long sweep weld 
reinforced Y fittings. At each end of both the hig 
sure hydraulic branch mains, forged steel spring cus 
are placed to absorb any sudden shock due t 
operation. 

The various lines serving the presses run betw: 
presses and are supported from concrete columns 
\ll hydraulic lines are rigid 


vibration Vhe 


structural supports. 


chored to prevent individual 


branch connections are made from hydrauli 


through angle connections, so as to eliminate 
shock. Outlets at the 
necessary permit isolation of the vat 


presses are divided wit! 
valves to 
presses 
The 500 Ib hydraulic line also extends from the 

to an 80 gal low pressure accumulator through a cl 
valve, and the main to the presses is taken off betw 
the pump and the choke valve and extends to the press 
in the same manner as the 3000 Ib line. The 500 


pressure 15S used to operate a press bringing the pl 


ess 
against the mold to a predetermined figure, after w 
the 3000 Ib pressure does the actual molding w 
Steam is used to regulate molding temperature d 
fusion, cold water for cooling both molds and press 


and compressed air for removing excess material 


Line of 20 presses and the necessary piping, showing shock absorbers on the 3000 and 500 lb hydraulic lines. The piping has 
the necessary valves and take offs for an additional row of presses 
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Modern power piping design 
and layout are important fea- 
tures in the rapidly growing 
molded plastics industry. .. . 
The piping services in a re- 
cently completed plastics plant 
are described here. They in- 
clude 3000 and 500 lb hydraulic 
lines, 125 Ib compressed air, 
150 Ib steam, 65 Ib cold water, 
hydraulic returns, and com- 
bined condensate and warm 
water return lines 








Close-up of one of the presses and its piping 


molds after the casting has been removed. This opera 
tion method is said to give maximum efficiency in the 
use of pressures, steam, and water, and to reduce stress 
and strain on the equipment. 

Both hydraulic lines return through a single line to a 
hydraulic return tank near the hydraulic pumps in the 
boiler room. Suction through the hydraulic pumps from 
this return tank is taken from the lower part of the tank 
through a line that branches to each pump. Provision 
has been made in this set-up for future installation of 
two additional 500 Ib hydraulic pumps and accumula 
tors 

Compressed air is furnished by two compressors dis 
charging through an aftercooler into a large vertical 
receiver in the boiler room. The air main to the presses 
runs from the receiver parallel to the hydraulic lines wit! 
an additional air branch continuing to a tool and store 
room. 
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(ir compressors, hydraulic pumps, and 
accumulators which serve the presses 


Cooling water is needed for th presse 
is cooled in towers on the roof of the water tre 
room, and is then pumped through a pressure tanh 
the presses Warm water leaving the 
bined with condensate and returned throug 1 din 
trench beneath the floor to a t wate toragt 
beneath the boiler room floor \ portion { the 
water in this tank is pumped back to thy 
and reused The remainder is used for boiler fee \ 
water used in both the boilet 0 fact 
treated 

Che boiler is a 200 hp, 150 Ib working pressure st 
fired unit Steam is used only for factory hx 
press operation. Steam passes from the boiler t 
a 5 in. line to an 8 in. header and is then extends 
the line of presses where an 8&8 in. and ¢ 1 bra 
taken off along the line from the 6 in. branch two 4 
in. branches are taken to the presses, 10 presse 
each branch. The & in. branch was installed simp! 
allow for future additional presses Kxpansion ben 
are placed in both the 8 in. and 4 in. lines he stea 


condensate joins the warm water return 

Heating steam is reduced to 25 lb pressure by a r 
ducing valve and is carried to unit heaters placed alon, 
entire length of the building 


a | 


the central columns the 
Heating in the offices and washrooms is accomplished 


by means of convectors. Returns from the heating units 


are taken to a hot water tank under the boiler roon 
floor by means of a return main. 

The entire plant has been carefully engineered and 
planned throughout, contains a well equipped research 
laboratory, and is equipped with a new type trolley duct 
overhead lamp which permits sliding of the lamp sup 


ports to any point along the trolley line Exceptional 


; 
; 


care has been taken to insure adequate light and abs: 


lute cleanliness. In all, the plant represents a thoroughly) 
modern unit for the production of a modern product 

The piping, which is of welded construction, was e 
sineered and installed by the Power Piping Division 
Blaw-Knox Co 





\n index to A. S. T. M. standards and tentative stand 
ards is available from the American Society for 
Philadelphia, Pa., 


charge on written request It contains information on 


Materials, 260 S. Broad St 


all of the Society’s 823 standards as of January 1, 1938 











Frank Lloyd Wright Uses Floor 
Heating for Johnson Wax Job 





HAT \merica’s most interesting 
office building is being completed at Racine, 
Wis., Designed 
by Frank Lloyd Wright to house executive and general 


Johnson & Son, Inc. (Johnson’s Wax), 


is perhaps 
for occupancy later this year. 


offices of S. ¢ 
estimated total cost is around half a million dollars, of 
which $50,000 is for heating and air conditioning. Among 
its features are a floor heating system with pipe coils 
embedded in the slab, and complete air conditioning. 
Che building plan centers around one large work room 
for several hundred employees, with a ceiling height of 
The roof is supported by slender, hollow con 
much 


20 ft. 
crete columns with shallow, wide spreading tops, 
the shape of mushrooms. Girdling this room is a mezza 
nine gallery on which will be offices of department heads 
and junior executives. Above this is a penthouse unit 
in the shape of three ellipsoidal links for offices of chief 
executives. There will be a lobby the full building 
height, and a theater with a capacity of 350. Utilities, 


rest rooms, toilets, locker rooms, etc., will be below the 


work room in basement spaces. 

The building is entirely windowless, but natural light 
to supplement artificial lighting will be provided by two 
bands of glass completely circling the building, plus sky 






















light areas. These bands of glass are made up of two 
“tubes” with an air space between them, giving a total 
of three air spaces to prevent condensation in winter, and 
cut down heat loss or heat gain. Because these glass 
hands are curved at corners of the building, they had to 


be hand-drawn, as each sheet has a different radius. 


to 
— 





To quote Architect Wright the building is plai 


be “a highly developed synthesis of form and idea 
highly developed than has been possible in the pa 
cause it is a building without windowed walls. It 
sists of a great work room breathing from above t! 


two ‘nostrils’; a building having dignified characte: 


| 
itsell 


appropriate proportions, so complete in 
should be in no way inferior in harmony to th 
cathedral.” 

The unusual heating system comprises floor coil 
plemented by tempered ventilation air. Entirel 
rate from the air conditioning system, the floor 


under the first floor slab: the floor slab rests 


of gravel fill and the steam coils, made up of | 


genuine wrought iron pipe 4+ ft on centers, are | 
into the top surface of the gravel fill, after whicl 
coils cons 


concrete floor slab is poured, These 


U-shaped pipes shop welded, with the straight rum 


pipe and connections to main and return lines 


welded. The coils run diagonally across the floor 


main and return lines in tunnels 
The heating medium will be steam at sub-atm« 


pressure, vacuum return, supplied from the mai 
plant several hundred feet from the building thr 


Model of building showing the two “nostril: 
through which it “breathes.” and around 
the top of which the air handling equi; 
ment will be situated. The work room area 
is to the right; at the left is a roofed over 
parking area. The wide spreading tops of 
the mushroom shaped columns supporting 
the expanse of flat roof may be seen as dark 
circles; the lighter surrounding areas ar: 
skylights. Below—Construction view 
taken about two months ago. Steam fo: 
heating will be supplied from a_ central 
boiler plant. Exterior walls of the build 
ing are of special brick of a soft red colo: 
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main: condensate will be returned through a 2 


3 in. 


in. line. Steam is reduced in pressure at the entrance 
to the building tunnel. 
One of the problems in installation of the floor coils 


the method of supporting them to assure that the 
Concrete block sup 


roper pitch will be maintained. 
ports will probably be used with the pipe wired securely 
to each support so that the coils will remain in the proper 
position. The coils will be shimmed to the proper pitch 
before the slab is poured. 

kor purposes of control, the coils are to be divided into 
five sections, each of which will have its own control 
bulb to maintain a slab temperature under 75 deg. <A 
t set-up using a floor coil of this type indicated that 


test 


‘the slab temperature reached 85 deg, it was too warm 


or comfort 


Two Separate Air Conditioning Systems 
The air conditioning equipment comprises two ind 
pendent systems. The building has two circular stacks, 


or “nostrils”, each divided into an outside intake and 


exhaust duct, and each of which serves one of the ait 


How Improve Operation 


asks a reader. 


| 


| SHALL appreciate any light you can throw on bal 


ancing a two pipe steam system,” writes a reader o 
H. P.& A.C. “The thermostat shuts off the gas boilet 
before the more distant radiators are supplied 

“The question has been asked as to whether variabl 
rifice vent valves will be Personally 1 do 


not think they are the answer as this is a two pipe 


ol any use. 
installation having a pump to return the condensate to 
the boiler. [| am under the impression that the better 
rethod is the use of orifice plates for each radiator 
“Another factor which may be affecting the situation 
is the use of both old style steam radiators with inlet 
and outlet in the bottom together with those having inlet 
and outlet at top and bottom at opposite ends. I might 
say that all radiators have thermostatic traps on the out 
lets 

“l am aware that vent valves are sometimes used on 
two pipe radiators and I would like to know what is the 
objection to using the vacuum type on such applications.” 


\pparently the system described is a two pipe vapor 
pump. The thermostatic 
trap on each radiator permits the air to escape into the 


system with a condensation 


vented dry return main, from which an air valve allows 
it to pass to the atmosphere. 
additional non-return equalizing at 


radiator would add a considerable in 


Installation of 
valves on each 


vestinent cost. \ vacuum due to condensation might 
} 


developed to such an extent as to draw air back 


“Consulting Engineer. Member of Board of Consulting and Contributing 
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Samuel R. Lewis 


conditioning assemblies. The “Freo 


a total capacity of about 100 tons, will be in the rooted 

over parking area and refrigerant lines will run 

them through the service tunnel and up through the 

“nostrils” to the coils, which will be installed at the 

of the air shafts with the other air handling apparatu 
lhe treated air will be introduced to the main 

room of the building through ducts running imme: e] 


under the mezzanine These ducts are to be built 
fireproof material as an integral part of the building cor 
struction, sheet metal being used only for various 

tion pieces. The penthouse and mezzanine offices w 
be heated by booster heaters in e imdire te 


no radiation will be installed in the 
hree inches of cork insulation is used throughout 


exterior building walls and the roof comprises a 1 
insulating slab with 1% in. of cork 

Che general contractor is B. E. Wiltsche f Racin 
The Westerlin and Campbell Co.. Chicago. are re 
sible the design und the nst | | e heat 
ind air conditioning systems \ ’ . 
separate the il } ect telt t i 1 ( 
iT these Sel ces wa essential 


of Vapor Heating System? 


answers 


throug! the present raps nto the uwilal CAC ( ( 
ol steam pressure generation, a1 liberation of this al 
through graduated vent orifices would be er slov 
and might even aggravate the present difficulty in heat 
distribution Orifices in the radiator suppl valve 
would do the job, but require very skillful selection 
May cause wate ammet! 

| have improved the operation of many vapor syst 
of the tvpe «at scribed by installation ( I ‘ 
following typ In this scheme there are two th 
Static bulbs, one out-ot doors. the othe ittached t ‘ 
steam pipe feeding the most distant or most sluggisl 


radiator The two bulbs work together in a combine 


In proportviol to 


instrument indoors and control the fire 


the outdoor modified by the influence ol 


temperature, 
will keep the burner in operation 


at each cvcle until steam reaches and heats the pipe to 


the indoor bulb whicl 


which it 1s attached 


\ less expensive but frequently conclusive scheme 1s 


to move the burner control thermostat from the air of 


some upstairs room as at present, to the hot water m 


the boiler. The water temperature can be adjusted to 


steam pressure-temperature 


] ; ] ] 


most remote radiator at each cyck 


LIVE the proper vapor or 


which will reach the 


and thereafter will maintain such a pressure, using 


] 


longer cycles than would be allowed by the present ait 


responsive thermostat The individual room temper 


tures are controlled as they are probably at present, by 


shutting off and turning on as many radiator valves as 


may he necessary. 








the Antioch general science building were protected at the 1 
of installation with three coats of bakelite varnish followed 
two coats of acidproof tar paint 


Fig. 1 (left)—-An advantage of the sheet metal construction is 
that the ducts can be made in unit sections, permitting replace- 
ments if any section wears out. Fig. 2 (right)—The duets for 


Reports Experience With 
Sheet Metal Fume Exhaust System 


HEN the general science building of Antioch “(5) They are cheaper than ceramic duct 
College, Yellow Springs, Ohio, was erected im “Some apparent disadvantages of sheet mx 
1929, several features of its construction at are 
tracted considerable interest. Among these was the use ‘(1). Acid fumes, halogen fumes and othet 
itr ' 


fumes will act on them We materially « 


of galvanized sheet metal for the fume exhaust system 
ducts. Although this was a departure from usual prac 
tice, it has met the exacting requirements and fulfilled 


the owners’ purpose—light weight, flexibility and easy 


fitting. 

Dr. C. S. Adams of Antioch was on the building com 
mittee for this project, and was primarily responsible for 
the installation. He was recently asked about the fume 
exhaust system duct work because another university 
His following reply 


was interested in a similar job. 


should be of general interest to engineers and architects: 


“Some advantages of sheet metal construction for 


fume ducts are: 

“(1) It is lighter than ceramic ducts, allowing over 
head suspension in attic spaces, needs little support for 
risers, permitting a flexibility (additional installations ) 
not found in the heavier ceramic installations which usu 
ally are installed as a permanent part of the building. 

“(2) The ducts can be fabricated to fit the space 
available. 

“(3) They can be made in unit sections permitting 
replacements if any section wears out. (See Fig. 1). 
We have had no replacements to date. 


“(4) Sheet metal ducts permit the construction of 


dlamper systems to control the face velocity of hoods. 
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tendency by coating the ducts with three coats 
lite varnish, followed by two coats of acidproot 
This was done at the time of installation (as 


shows) and the ducts have had no treatment since 


ever, | would think other methods of treatment 


be known which would be more eftective than thx 
we used There should be 


ined sheet metal, for example. 
l | sheet tal, f pl 


some advantages 1 
\ few installations 


been made of monel metal. 

2) Corrosion of sheet metal ducts can be r 
to a minimum through the use of the open faced 
rhis hood sO dilutes the corrosive fumes with 
to render the effects negligible \ number of our 
have been subjected to almost 24 hours service 
moving the fumes from hoods in which commerce! 
pure research has been carried out with no failut 
We have had some troubles recently wit! 


date. 
aluminum blades in our damper system sticking 
were easily corrected by simply opening up the duct 
oiling the blades.” 

Many different types of materials are at times r¢ 
mended for fume exhaust system duct work. Thx 
going “experience report” is therefore presented for 
reader’s information. 
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Unusual Air Conditioning Problems Met 
in Designing New Glass Block Building 


By James N. Livermore* 


GENERAL description of The Detroit Edison loads change from hour to hour due to shift of sun and 

Company's new Service Building was presented rising outdoor temperature hus it can be seen that 

in the October, 1937, H. P.& A.C. Init, J. H there is real need for zoning or independent temperature 
Walker showed the striking effect air conditioning had control of many areas 
on the design of the structure and pointed out the reasons \s the heating and cooling functions of the systen 
for many of its architectural innovations, among which were found to overlap through long periods, it became 
are use of glass block throughout in place of windows, necessary to design on the basis of supplying the same 
arrangement of office floor areas far removed from out air quantity for both heating and cooling, or for a 1 
side walls, complete absence of light courts, an air dis stant air quantity to all zones at all times In nearl 


tribution construction involving the principles of a pat 


ented static pressure-displacement system, and a new Table 1—Analysis of Cooling Load 


type of artificial lighting with lamps set in coffers in the 


ceiling space. The possible structural economies with 
such a design were also pointed out 
he building is now under construction and while it is ies 22,717 144 
still impossible, from an operating standpoint, to state — ot a8 8 = 
ow well the air conditioning system was engineered, it wall “t- 
is the purpose here to set forth some of the unusual pntittrat sncnst scinte 
roblems encountered and their solutions. 7.438 / 
Load Peculiarities Make Zoning Essential Pan Power "B30 65 7 
lable 1 is an analysis of the cooling load. After calcu [Total 16,977 20K Ss , 
lating both the heating and cooling loads for morning and - 74.4) 18 557 164 8 . 
afternoon hours and for a variety of weather conditions, 
to determine required capacity of the equipment, tw: 
facts were revealed which have a decided effect on the everv bay, the maximum cooling load, rather than heat 
system design. ne is that in typical adjoining outer and mg load, determines the air quantity required, sinc 
nner bays, an area having 24 ft outside wall and 50 ft of there is a fixed low limit of entering air temperaturs 
depth, the heating or cooling load transmitted through hus the quantity of air to be handled is not determine: 
wall is so small as to have little or no effect on the by the maximum cooling load for the building as a whole, 
load at the inner bay. Furthermore, with a tight outside but rather by the sum of the maximum loads of all bays 
wall having the insulating values given for glass block, regardless of time. This results in a supply air demand 


internal heat sources, mainly lighting and occupants, ex of approximately 28,000 cfm per floor and 200,000 cfm 


tend the cooling period in certain parts of the 





building well outside the hot weather season. : 
It has not been possible ex- 


“ne ar +7 - " > -- ‘ ar 
sr ie ining ecm amare spt ig fom ny 
PETERS SEURST s full advantage of air condi- 
supply heat to outer bays while cooling some tioning in evolving a build- 
nner bays. Larger areas of glass block than ing design because not many 
rdinary sash are required to admit the same large buildings have been 
ount of light. Compared on this basis, the constructed since air condi- 


tioning became an accepted 
feature. This was pointed 


out by J. H. Walker in the 


eat gain through a wall with unshaded glass 
= 
lock is greater than through the same wall 





with sash fitted with awnings, and for this rea : 
son the load due to sun ico more impor October a. P. & A. C. when 
“a he described the influence of 
Since the building is to be unshaded on air conditioning—both archi- 
ll four sides, a change in time relation of loads tecturally and economically 
can be expected in outer bays as the sun shifts on the design of The Detroit Edison Company's new Service 


Building. . .. Mr. Livermore's discussion completes our earlier 
article by describing the details of the air conditioning system. 
and how air conditioning was applied to a building of this 
type. ... As use of glass block and totally enclosed buildings 


irom east to west. Fig. 1 shows this graph 
ically. Note that inner bays have practically 
a constant load due to artificial lighting (as- 


sumed continuously in use) while outer bay ; 
, . increase, the peculiar problems which appeared in the evolu- 


tion of this building will present themselves many times 





gineer, The Detroit Edison Co 
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for the entire building, On an air re- 
newal basis this averages approxi- 
mately seven changes per hour. 

Preliminary studies showed that it 
would not be possible to distribute air 
in such quantities from one central 
point on each floor without seriously 
impairing headroom or adding other- 
wise needless height to the building. 
For this reason three vertical supply 
shafts are used, each extending from 
the basement to the top or sixth floor. 
kkach supply shaft was built in halves 
thoroughly separated by insulation, and 
connected at the base to two fans. One 
half is to be supplied with air below 
room temperature, the other with air 
above room temperature. At each floor 
the shaft supplies warm and cold air to Fig. 1 
a double plenum chamber compactly 
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Bay load curves and arrangement of zones and thermostats 









































arranged as shown in Fig. 2. 
Fig. 1 shows a typical floor divided | - 
into zones and the location of the ther- COLO SHAFT WARM SHAFT - i 
. i : . : 7 < } NBUNG i 
mostatic control point. Generally, the PS ‘ »  ONMPER 
tops of all partitions are to stop 2 ft i Ea — ie Se 
we ‘ A ore Thi ne "SHUT OFF DAMPER’ | SHUT OFF DAMPER ley 
short of the cetling. us makes it cH PLO 
° . . WARM AIR PLENUM JT « 
feasible to include in one zone all areas ' ll 
of like exposure without regard to par- sou lea tourna 4 COB aun 
, : 7 . PLENUM 
titions, the communicating space at the 
. . . - . ' . oor 
ceiling being sufficient to equalize the PF 
effects of any differences in interior eS 
load. There are certain exceptions, PLAN AT &r8 mente 
however. where partitions run full Fig. 2—Arrangement of mixing damper and supply air plenum boxes 


height, and in each of these cases it 

was considered necessary to provide a separate zone, 
however small the enclosed space. In some instances it 
was found necessary to divide areas of similar load 
simply to equalize the demand on the three air shafts or 
to keep the distributing ducts from becoming excessively 
large. In all, 82 zones are required. 


A New Design of Mixing Damper 


To obtain the temperature control desired for each 
zone, each one is supplied by a separate duct connecting 
to its own mixing damper mounted over the double sup- 
ply plenum. Previous experience with this method of 
control has shown that the orthodox butterfly or louver 
type of mixing damper designed for such purposes leaves 
much to be desired. One inherent fault lies in the varia- 
tion of total air delivered through its range of movement, 
as shown in Fig. 3. After some experimertation with 
models, the swing leaf or unbalanced type of damper was 
found to have practically a constant flow characteristic 
and was therefore adopted. A further shortcoming of 
the butterfly type is the difficulty encountered in making 
the leaves shut tight in either closed position. This has 
been responsible for loss of control on previous installa- 
tions where, for instance, the damper was closed to the 
hot side but overheating resulted due to leakage. In the 
type adopted, extreme tightness is readily achieved by 
using furniture steel plate for the leaf in order to obtain 
perfect flatness, and stops of sponge rubber at the two 
sides of the damper housing. The tip of the leaf is edged 
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with a flexible rubber lip to allow the leaf to setth 
the side stops while bending in continuous contact 

the damper housing. Fig. 4 shows the constructi 
this damper in some detail. Incidentally, all adjust 
volume dampers on the zone supply ducts are als 
the swing type hinged at one side of the duct, for 
reason that they are less likely to rattle‘and prod 
noise. 

Fig. 5 shows these mixing dampers as arranged 
the double supply plenums. In the completed build 
each plenum with its complement of dampers will 
enclosed in a small control room, with four control 1 


on each floor. 
Thermostat Settings Varied Automatically 


ach damper will be operated by a diaphragm m 
The motor controller is a pneumatic vapor actuated t 
arranged with the instrument situated in the control : 
and the remote temperature sensitive bulb in the o 
pied space, connected by capillary tubing. This arran; 
ment takes the adjustment of controls away from t 
occupants and leaves their manipulation entirely to 
building engineer. Where a large number of peopl 
served by one control this seems a highly desirable 
vision. All sensitive bulbs are situated with their 
toms 3 ft above the floor, a height sufficient to clea: 
backs of chairs. It is felt that the only justification 
mounting a thermostat at the conventional 5 ft lev: 
that the occupant may more readily read the thermon 
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lor the purpose of varying the inside temperature in 
summer with relation to the outside temperature, each 
of these zone control instruments has a reset mechanisn 
which changes the temperature maintained by the con 
troller in the occupied space. \ll of these mechanisms 
are operated pneumatically and are tied together in sucl 
manner that they can be controlled by a single master in 
strument on the main control board in the basement. Th 
master controller has an outdoor sensitive bulb, and will 
automatically vary the settings of all the zone controllers 
to maintain an ideal differential between indoor and out 
door temperature throughout the hot weather season 
There are maximum and minimum limits to the rang: 
over which the master controller will set the zone cor 
roller; these limits are adjustable manually, the low 
limit being the winter temperature adjustment 

The responsibility of attending to 82 such controls in 
. building where the occupant can neither juggle th 
thermostat nor open a window is appreciated o si 
plify the task of checking up on faulty operation in any 
locality, multipen strip chart recorders at the main control 
board in the basement will show a continuous recor 
temperature at each of four typical points on each fl 
Should a reading on anv one of the records start “wall 
ing out of line,” the operator should be able to anticipate 


many complaints 





\t certain times it will be necessary to heat or cool 
isolated departments when the building generally is not 

0 o : , 
in use Provision for this and for certain emergencies 


Fig. 3—Flow characteristics of mixing dampers which might arise has been made by installing a shut-off 


damper at each pomt of take-off from the supply ai 


on the case, and that the control level should be at the shafts. These dampers can be opened or closed remotely 
breathing line of a seated occupant rather than for on by the operator at the main control panel and will enabk 
standing. The bulbs will have no thermometers on thei him to supply air to any four parts of each floor as may 
cases and, of course, will require no adjustment he required 

‘ 


Fig. 4 Detail of mixing damper 
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RUBBER TIP ¢ DAMPER MOTOR > 
: 
AUER StOP// ) 
’ 
» 
_— 
$a 23) 
* Ls “= 4 

Air Introduced Through Ceilings 
Leaving the mixing damper, each zon 
duct runs to the ceiling diffusers, a typical 
“a section of which is shown in Fig. 6 Phe 
; use of ceiling introduction for supply air 
ie * is the result of considerable research with 

: - : - ;_— a full size lel of an ad : 
-- ———_—_—__—— 4 en a full sized model of an adjoining inner and 
! outer bay. Tests were made in winter so 
that by building one wall of the model of 
; : 


sheet iron, with both windows and heaters 
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threaded spindle. Raising and lowering this 
serves as a flow equalizing adjustment. A test o' 
design showed considerable negative flow in the p 
ceiling tile until perforations were made in the diff, 
dises. 

This method of introduction places practically no 
on the arrangement of partitions in the future, 
was considered a very important advantage. 


Return Air Circuit 


Leaving the occupied areas, the air may take eit 
two routes. In the outer bays a continuous ex 
grille at the sill or base of the glass block, supplem: 
by smaller openings at floor level, communicates 
ceiling space of the floor below, which in turn 
nected to the suction of the return air shafts. R 
air from the inner bays passes either direct to the 
shafts or through louvered openings in corridor 
and thence to the same point. The return shafts 
from each floor and ceiling space and feed all th 
iment fan rooms. 





Control of Static Pressures 


Fig. 5—Mixing dampers arranged over double supply plenums 
As stated, a fan is required for each cold and 
























































in the space behind it, it was quite readily possible to half of each supply shaft. Calculations showed 
simulate a cold or warm outside wall. It was also range of demand for air on either half might ex 
equipped so that warm air could be supplied to the room from 65 to 35 per cent of the total through both sid 
when it was cold, or cold air when it was warm. maintain a constant static pressure available at 
All trials with horizontal projection of supply air re- side of each mixing damper in spite of this variat 
sulted in conditions that were judged too drafty, par quantity, it was necessary to provide a static pres 
ticularly when cooling. The low ceiling height of 9 ft, 6 control. To fill this need, each fan was equipped 
in., the large bays 25 ft, 0 in. square, the irregular ceiling inlet vanes and will be driven by a three speed 
recessed with nine 4 ft, 0 in. square lighting coffers in Operating the inlet vanes will be a static pressure 
each bay, and the rather high rate of air supply required, troller with its pressure connection located at abot 
all combined to interfere with its success. This was true third the height of the shaft. This will so functior 
also with efforts to introduce air upward from the win as the demand for warm or cold air increases 
dow sill and a similar level at the corridor partitions. In shaft, the vanes on the warm or cold fan will be 
the scheme adopted, air enters through perforated metal or closed to maintain constant static pressuré 
tile which, over the balance of the ceiling, form a part of vanes having reached the wide open or closed posit 
the acoustic treatment. The velocity leaving the tile is signal light will appear on the main control board 
about 40 fpm, and at head level the air becomes so dif- 
fused that its movement can scarcely be detected. “ ; 
oan , . Fig. 6—Section through light coffer and duct, exterior ba 
There is an 
aggregate length 
of diffusing duct ay os anda mt ~ . 
of the section il- : fi “Running £ 
lustrated of over pages 
two miles in the | ¢ je, See a ee ‘ Pe eT SS 
entire building. | EE SESS SSS 1 
In order to in- 1 9 Hs pease 
sure good distri- aoe 
bution over this | Plaster | 4 
length, orifices tg Pray» ms FY 
of various ‘sizes SECTIONAA x fe 3 " 2 
in the upper RRO ks 4 
pressure duct , | 2 seted on ind. 4 ater Ie 
were installed at Cost plaster.) ; SRE int Toor only ae 
approximately 12 or f 
ft intervals. Each La ee PT SS SS Re a CC RGe are eRe ee ee eee : Ls 
orifice is covered a > eee EEE 
by a perforated tome. 2 — x. = © Per forat ystic Fi ‘2 
Prat 5 sz | we yore es dete: ne ertora fed acous: c file ai re) 
diffusing plate . £ al 
mounted on a 








244 Heatinc, Preinc anp Air Conprrioninc, Aprit, '99° 














for the main heating « , ( 
In an exchangt : 
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ensate being reé ( 
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‘ tal { 
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ty ns 
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Fig. 7—Construction view of light coffers and air ducts efrigeratios I , 
e chill \ ( 
he operator will press the proper button to change the that city water may be used dire 
speed of the fan motor The temperature of the air for to drain 
each shaft is held constant by a thermostatic control. As his outhnes the essentials 
e demand for air from any fan increases to the point tem adapted to an unusual typ bu | 
here it approaches the limit of the fan's capacity, the construction, it was possible to real 
perator sets the thermostat to a higher or lower tem sirable features which, in at 
perature, as the case mav be. This will tend to lessen illy compromised with or forgotten entirely \l 
demand for air on that particular side of the shaft these might be named the concentration ot all machinet 
Normally, about 40,000 cfm of outdoor air or 20 cfm in the basement, the incorporation ot ceiling diffuse 
per occupant will be supplied purely for ventilating pur an integral part of the ceil t 
poses. This same quantity will be exhausted from thx shafts and control rooms at the most strate point \ 
building through the toilet exhaust system, the machin the use of glass block and totally enc] | build 
oom, the blue printing room, and from a few shop areas crease, it is felt that the pecull 
lowever, it would have been poor engineering indeed lems which appeared in the evoluti 
t to have provided a means of cooling the building will present themselves many times 
h outdoor air whenever refrigeration could be dis 
ensed with. To do this meant that outside air intakes 
tempering coils had to be considerably larget than Public Disappointment: Air ( onditioning 
equired for ventilation. Furthermore, without propet Phe corres a oe , 
visions, the building would become a veritable pres editorial eve waved the ; f 
re chamber in which the static pressure would rise and article whic liscusses Carrier ( 
with the varying demand of the cold air fans, th tains general opinions on th 
pply being far in excess of the constant normal ex is termed the e public dis 19% 
Lust lo meet this condition, two 108 in. disc exhaust although Carrier’s gross last vear was an all time 
fans in the pent house will be so connected to the return is were sales reported ( , ( 
shafts that their suction will communicate to all parts M.A.) because the public had been led to believe it 
' the building. With these fans there will be an auto would lead us out of depression and “‘1 lutionize i 
matic static pressure control which, by means of damp door life While ( he 1 te 
rs, will throttle their rate of exhaust sufficiently to main market for residential air conditioning is still something 
ina zero difterential of pressure between indoors and for the future. one is inclined to question a survey that 
ul “Fortune” reports \ccording to it, tl é 
1estion. “I nid entistes 
Arrangement of Basement Equipment vhole house for $1200 or any on $200, would 
ou do it?” was an emphati \ \\ t detail 
Three fan rooms in the basement one at the bottor information it 1s erhaps wu ee ‘ ent ‘ ‘ 
each shaft—make duct connections simple and lead to be interesting to know. however. if the questior on 
lean-cut layout. Each fan has its own bank of cellu asked during a near zero wave. for instance 
se gauze air filter units which clean both outdoor and ‘Fortune” places the blame. if blame there be 
reulated air. Also, each fan has its own extended fusion—-confusion in the public mind to what ai 
urtace heating or cooling coil supplied by headers whicl conditioning 1s, confusion as to whether ai nditioning 
hot and chilled water the full length of the bas should be treated as a capital goods industry or a cor 
Coils and headers are so interconnected that th sumer industry, confusion about marketing and distri 
e water is used in them all, and as the seasons pro bution. It is implied that home air conditioning should 
Ss water temperatures are simply raised or lowered as be sold as a “gadget,” for—says “Fortune”—there is no 
wired. Coils which were heating in winter may be hetter way to channel the spending habits of the Amet 


ling in summer. Provision for winter time humidifi Concluded on p. 258] 
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Economy 


KMPERATURE _ control 

goes deeper than just having 

a chart showing a smooth 
curve for the 24 hours of the day. 
One of the first things I did upon 
taking charge of the heating of a 
large manufacturing plant 
years ago was to set up a tentative 
temperature curve for the plant 
and then initiate supervisory con- 
trol to see that the actual curve of 
the recorder followed the prede- 


some 


termined curve. 
The first break 
down the heating season into units 


step was to 


which could be handled. The sea 
son extends from September to 
May in this particular plant with 
winter minimums down to minus 
30 F. A perfect heat balance for 
the plant obtained at 
around O F so when the tempera- 


could be 


ture dropped below zero it meant 
Nat- 


urally the below zero days were 


using live steam for heating. 


the expensive ones from the heat- 
ing angle ; however, even the mod- 
erate days showed a decided saving 
after placing the system into ef- 
fect. 

The degree day unit was used. 
The the 
plant offices, pattern making de 
partments and tool making depart 
ments was set at 65 F outside tem- 
A 5 F differential was 
outside and in 
establishing 


base temperature for 


perature. 
allowed between 
temperature in 
this base. For the balance of the 
plant, the base was set at 50 F, 
also referred to outside tempera- 


side 


ture. 


base was established at 40 F. 


The degree hours were calculated for base tempera- 
tures of 40 F for 24 hr; 50 F for 9 hr and 40 F for 15 
hr; and 65 F for 9 hr and 40 F for 15 hr. 
peratures were obtained from the watchman’s hourly rec- 


ords over a 5 year period. 


The second step consisted of determining the estimated 
heat loss for the various heated buildings of the plant per 
degree hour for the idle plant, manufacturing depart- 


ments, and offices. 


"Claude B. Schneible Co Formerly, 


lractor Co 
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These temperatures are for 
During nights, Sundays and holidays the temperature 
was dropped to 45 degrees within so that the idle time 


Plant 


in Plant Heating Aided 
by Fuel Consumption Yardstick 





By C. C. Hermann* 


By determining in advance the proper 
temperatures to be maintained, fuel 
consumption for plant heating may be 
estimated. A yardstick is thus estab- 
lished and its use leads to economy in 
cost of heating. . . . The author tells 
how this procedure has been applied 
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Fig. 1 — Theoretical fuel con- 


sumption compared with the ac- 
tual consumption for one year 





the working period. 


equivalent to about 360 Ib per hr of steam. 
time required for a truck to pass through the door and 
door to close behind it was found to be 25 


The largest variable encount 
was the loss through open «: 
Obviously considerable heat is 
due to trucking between build 
and wherever possible vestib 


were erected to cut this to 
minimum. <A separate study 
made to determine the pos 


heat loss of factory doors and 
led to better design of doors 
use of electrically operated and 
operated doors, as well as cov 
Build 
} 


runways and vestibules 
insulation was also shown to 
considerable 
heat 


importance in 
conservation program 
manufacturing plant. 

To digress for a moment. thy 
lowing data relative to the heat 
due to an open door is enlight 
ing. The doorway studied w 
it high and 10 ft wide with a 
of double acting doors divided 
the center of the opening. 
outside temperature was 28 F 
the inside temperature 60 | 
moderate northwest wind 
blowing and the door was oper 
the exposure Phe 


the 


north 
through 


] 
CLOT 


390 


velocity 


anemometer) averaged 
The opening ol the door to all 
the average truck to pass thre 
was taken as 30 per cent. The 
fective was therefore 24 
sq ft and the infiltration was 936 
The Btu absorbed by 


opening 


cfm. 
air per cu ft per degree ris 
assumed t 


temperature was 


0.01957: therefore the heat 
amounted to 5861 Btu per 
The ave1 


sect yds, 


that the actual cost per door per trip through it 


Average tem- 


manufacturing departments 636,200 Btu per hr pe: 


found to be the equivalent of 2 Ib of steam. 
To get back to the building heat loss exclusive o! 
doors and ventilation, the figures were as follows: 


For offices and high temperature departments 60,100 |! 


per hr per F. 


heat loss figures. 


The total heat loss per month could | 
be calculated by multiplying the degree hours by 


The heat loss figures could then be converted to | 


Engineer, John Deere 


of coal by dividing by 14,000,000, which provided | 
Btu per lb of steam and 7 Ib of steam per Ib of coal 


i 
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Oxidation 


of Steel by 


High ‘Temperature Steam 
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Fig. 1—Arrangement of high pressure apparatus 
TEAM temperatures ranging from 1000 F to 1200 he test program includes 23 flerent cor 
Fk are contemplated in power plant design because positions of steel available { g emperature steam 
such imitial temperatures would result in fuel service, and data are tabulated t w the comparati 
economy and in the possibility of adopting a simple oxidation « SIX specimens Plain | ( bo teel wa 
regenerative cycle without the complication of reheating believed to be e susceptible to attack than the va : 
\ttainment of these benefits, however, has been held up lloy steels in the list, and was therefore chos« the 
hecause of the difficulties encountered: (1) the strengt! basic mate th which to « pare e be 


of steel diminishes rapidly with increase of temperature 


) 


(2) creep stresses have to be provided for: (3) tempera 


ture control must be adequate; and (4) when there is a 
reduced rate of steam flow through superheater tubes, 
as during starting up or shutting down periods or low 
load intervals, these tubes must carry temperatures on 
the order of 200 | Investigation ot failed 
superheaters has disclosed iron oxide inside the tubes, 
+} 


above normal. 


i¢ result of dissociation of the steam when in contact 


with the steel tubes at about 1200 | 


A. S. M. E. Test Program at Purdue 


\n investigation to determine the relative resistance 
of the various available steels to oxidation by high tem 
perature steam is in progress at Purdue University, and 
i progress report of the A.S.M.E. special research com 
mittee on critical pressure steam boilers, by Dean A. A 
Prof. H. S Solberg, and Prof. G. A. 
been published as paper RP-59-10 of the A.S.M.1 
The 


is intended to present the most important infor 


Potter, Hawkins, 


/ ransactions, following is a condensed account 


W ch 
tion gleaned therefrom. 
Wertheim 


abstract was prepared by F. E 
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The pre mii r\ attack on thre ) ( sist i 

ttempt t obtain stea netal reaction ‘ 
yaroge evolutior gy l is s ( ¢ layo 

i high pressure apparatus used Che high pressure 
hig! temperature Ssteanl was passed throug electrical 
heated sample tubes, held at e same temperature a 
the steam, and uniformly heated throughout their lengt 

l’rovision Was 1 cle or eithe ( ndensi wr 4 sampling 

( steal werore ts entrance nt the test ection | 
ubing nd ( ndensing il i passave tl oug! tin 
est sectiol he vases n the condensate were next 
by led til 11 ras separator, all whicl the condensat 
flowed into a measuring burette while ne gases were 
also collected 1 burettes then stored v« mercu und 
analvzed 

steal the tests was ren rated in a vas fired, cross 
drum (the drum was made out of a 10 in. locomotive 
axle ), Watet tubs boulet with al capacity ol 50 lb pel he 
at 1600 Ib ga and 1200 | \ primary superheater, 
which brought the steam to a total temperature of 800 F 


at 1200 Ib. 1s located in the boule and an external, 


setting 


electrically heated, superheatet raised steam to th final 


temperature required 











Although the progress report of the American Society 
of Mechanical Engineers’ special research committee 
on critical pressure steam boilers on the work at 
Purdue University, which is abstracted here, is not 
strictly a matter of piping, it is closely related to the 
subject. Through many articles by various authors, 
HEATING, Pipinc AND Air CoNbITIONING has presented 
information and data on piping for high pressure, 
high temperature steam; it seems desirable, there- 
fore, to make the present discussion available to 
readers of H. P. & A. C...... The work at Purdue 
is of intense interest to all concerned with high 
pressure and high temperature steam, and certainly 
to the piping engineer 





Two methods of heating the independent superheater 
tubing were employed in these experiments. One con- 
sisted in winding coils of resistance wire, insulated with 
porcelain beads, around the tubing—the coils arranged 
in sections for either series or parallel connection with 
suitable control resistances. The other method was to 
pass alternating current through the tube itself, the tube 
heing connected across the secondary of a transformer. 
Control was effected by means of a potentiometer con 
nected to a thermocouple at the superheater outlet, 
operating a small relay which served to operate a circuit 
breaker in the primary circuit of the transformer. 

\ll metal in contact with the steam, with exception of 
the test specimen, was of 18-8 stainless steel. 


Occlusion Investigated 


\ number of initial tests showed such wide variations 
in the amount of hydrogen and the results, in spite of 
every effort, were so erratic, that more direct methods 
were adopted whereby the amount of oxide produced 
was weighed as a means of measuring the impairment 
of the tube. 

Gases may be held in chemical combination in steel ; 
retained on the surface of the metal; or occluded—that 
is, physically combined. It was thought that the erratic 
results in hydrogen measurement might be due to occlu- 
sion; therefore a series of, experiments was undertaken 
to determine the rate of diffusion of gases through steel 
at high temperatures by means of the apparatus shown in 
Fig. 2. The gases were entered in the annular space 
between tubes and the diffusion rate measured 
by collecting diffused gases from the inside chamber of 
Hydrogen at a constant pressure of 100 


was 


the inner tube. 


Ib per sq in. ga passed through the wall of the 

tube (the tubes were heated to 1000 F) and was coll 
at atmospheric pressure, the rate of diffusion being { 
uniform with respect to time. The experiment was 
repeated, maintaining the hydrogen at 100 lb per s 
but varying the tube temperature within a range 

400 to 1200 F, to measure the effect of temperature 
the rate of hydrogen diffusion. The results 
only slight diffusion below 600 F, and a rapid in 
in the diffusion rate at temperatures above 600 | 

other run was made at a constant temperature of 10) 


1 
nay 


the gases were again collected at atmospheric pr 
but the hydrogen pressure was varied from 20 

Ib per sq in. This run that at cor 
temperature the rate of hydrogen diffusion depend 
rectly upon the pressure differential. Similar tests 
made on oxygen and nitrogen, but these gases 

not diffuse through the tube at 
1200 F. After these investigations it was conclud 
the diffusion of hydrogen through the specimen w 
the reason for inability to check the results of suce 


showed 


ga. 


temperatures 


steam corrosion tests, 


Low Pressure Steam, Superheated to 1200 F, 
Used for Tests 

the method already ment 

the 


specimen ), a decision was made to const 


Besides change in 


( weighing oxide removed from the internal su 
of the test 
test apparatus in which seven different tubes co 
exposed simultaneously to identical 
Furthermore, since it had been found that steam 
little effect on the oxidation of 
carbon at 1100 F, later 


with steam at 200 Ib per sq in. ga taken from the 


, 
conaitl 


steam 


had rate of 


steel 


sure 


expel ments were 


tory header. The 200 Ib steam was superheat 
about 620 F in a gas fired superheater and then 
‘o a maximum temperature of 1200 F in an elect: 


heated coil in which alternating current passed t 
the tube itself, as described previously. 

In preliminary test runs with low carbon tubes it 
found that with temperatures as low as 800 F a 
of scale thick enough for accurate weighing was prod 
in 36 hr, which was accordingly adopted as a stat 
length of test. 


Results of the Investigation 


The layer of black iron oxide, Fe,O,, which is for 


on low carbon steel is not considered to be a cor 


Fig. 2—Detail of apparatus for determining the diffusion rate of gases through steel at high temperatures 
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Table 1—Effect of Steam Pressure Upon the 
Carbon Steel by Steam 


TEMPERATURE, F 


ScaLe ForRMED IN 3¢ 
Hr, G per So IN. o1 
STEAM PRESSURI STEAM METAI INTERNAL TuBE 

No Le per So In. Ga SURFACE 
0 | 400 1100 1097 0 0962 
21 397 1098 | 1095 0 1046 
8 | 1200 1099 1097 0 0973 
10 | 1200 | 1105 1099 0 1065 


protection for the parent metal, even though the rate of 
reaction decreases with time. The effect of temperature 
on the weight of scale formed on low carbon tubes is 
shown by Fig. 3, on which the test data are plotted 
fable 1 indicates that at a constant temperature ot 
1100 F steam pressure has no effect upon the corrosion 


low carbon steel 
Experiments made to determine the effect of velocity 
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Fig. 3—Effect 


(the curve is 


of temperature on the weight of scale formed 
based on 36-hr tests of low carbon steel tubes 
which were subjected to a steam pressure of 1200 Ib per sq in.) 


ita constant metal surface temperature indicate that im 
creased velocity accelerates the rate of corrosion. 

The conclusions stated in the three following para 
graphs are a reproduction of the authors’ statements: 
1200 Ib and 1000 F will attack 


) Steam at 18-8 and 25-20 


‘ ’ 


stainless steels with the evolution of hydrogen and the formation 


ot a black layer of oxide which decreases the rate of reaction 
as the time element increases. 
In view of the reaction between steam and these hig! 


nium stainless steels, commercially 


it is probable that ary 


Table 2—Comparative Oxidation of Six Different Steels 
ANALYSIS OF TUBE MATERIA! 
( Mn Si Cr Mo 

0 10 0 20 0 30 0 m7 uv 
0 10 0 20 0 30 0 oo v0 

j 0 09 0.15 1 43 0.50 0 
0.11 0 43 0 62 1 25 0 55 0 

016 0 48 0.128 0 51 0 
0.15 0 48 | 0 45 3.12 058 0 
0.104 0 41 0.43 1.99 0.56 0 
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Oxidation of Low 





available superheater material will be subject to a certain amount 
of oxidation by high pressure, high temperature steat 

(3) It is probable that for extra hig temperatur 
alloy materials should be sed whic \ rea vith the steam t 
produce i thin, dense tightly adhe t ( iver that 
maximum resistance to the penetration the xidizing agent 
and will not crack or spall whe ubjected to ra é ’ 
Nnanges 1 temperature 

Results of low pressure tests are give lable 2 

Chese data indicate, with one ¢ xcepti lube N | 
that the oxidation of the various alloy ste nt 
ibout two-thirds that of low « ster 

Lhe experience ol lhe Det | cis { 
by reference to an experimental 18-8 st ' 
superheatet whicl has endure wy (Kx ' ee 
mostly at 1100 | 

It IS a tair conclusion that these ve t 
ire to be continued, will prove valuable ete 
the best materials use tor the 9OO | Y40) | t 
ol thre present ¢ ( 1OOO | t 1 AUX ' t 
plated for the future 

‘ : 

Concrete Pipe Return Ducts 
te omMees ot the Clapp Ba ood ( I ‘ 
N. Y.. although originally designe vithout 

visions tor air conditioning re 1 equip t 

conditioning syst 

\ teature of this proje S thi sé yt 
concrete pipe for the underground return duct 
land Cement \ssocia 1 reports St engt! 
plain concrete pipe »t the tvVix ! ‘ nm Sé 
construction was used in the branches | gy to the ver 
risers and for all portions of the main duct smaller tl 
24 in. diameter. Larger sizes comprise standard strengt! 
reintorced concrete sewer pip. \ I the 1¢ ( | ely t] 
(the shell thickness ranges from 3 to 3 n.) this pipe 
when properly bedded is capable of withstanding ex 
ternal loads up to 6000 Ib per lineal foot without imyu 

lhe pipe was used in stock lengths ot 2 t ' 
ft which weig! iron 2s lb per it lor the S i | $53 1] 
for the 33 in All the pipe Was laid | and labor, no 
difficulty being encountered in either the handling or the 
laying 

Joints in the line were filled wit! portiand cement 1 
tar and when finished produced a smooth, watertight 
vibrationless duct with a lite expectancy s | ny as tik 
building itself 

Cost of the concrete duct was nomunal Delivers 
prices of the pipe ranged from $ 1.20 per ft for 8 in. plain 
concrete pipe to $3.25 per ft for the 33 in. reinforced con 
crete pipe, and averaged $0.65 per running foot of lin 


including Y's, curves and reducers 


in Contact with Steam at 1100 F and 175 Lb Ga 
We ‘ RM 
PER S N ; 
RNA I E SURFACI RM k 
P » I ' 
O45 0 OSS 0 JIS 0 4524 iy ie 
O45 0 O55 0 2O5 0 520 
OlsS 0 O14 0 140 0 344 we 
ol 0 O13 0 143 0 40 Os ‘ 
O13 0 O12 0 162 0 469 77 ’ 
Oll 0 O16 0 368 rf 
O19 0 Ol 0 141 0 321 a7 
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° creases the size of a volume may be increased by t] 

OW to Acquire a of longer binding posts or more volumes may lb 
lished. In fact, the binding arrangement permits 

“ plete flexibility. The cost of binding in this man 

eference Library be suited to any pocket book for almost anything 
- . way of covers can be used. Stiff, hinged covers 
maximum protection to the contents, but heavy 


‘ ry . x 7 we ¢ ~ yd of: 7 , 7 » + ] 1 rT T t7 
By George a Condron* covel are Sati factory if cost Is an important ¢ 


ion 
The arrangement of the material should be suit 
OME years ago | realized I was not getting the the user’s needs. The principal classifications I « 
maximum value from technical information in are heat losses and gains, heating, ventilating, ai 
past issues of publications that | was purchasing ditioning, piping, refrigeration, power plants, ar 
and reading. This was because of the difficulty of look cellaneous 
ing up any particular article, or group of articles, even 
though all of the past issues had been saved. Since Advantage of Method 
then, | have built up a personal reference library ar ne advantage of the looseleaf binding ts that 
ranged according to my needs which has been useful on of articles can be readily removed and bound t 
numerous Occasions. on the ring binder of a brief case, or in a com 
\fter trying several schemes, the one described herein binder cover, if it is desirable to take them to a 
was adopted as best suited to my needs. The old issues or conference. I have found this valuable a nu 


of all publications that contained more than one article times. In one case | was attending an out-of-tow1 


were dissassembled, the articles separated, and reassem ing where it seemed likely that the question 
bled into related groups. The work involved when this generated by the occupants of a room used fo 
system was initiated was quite an item because of the and dancing would be of importance. It was 
number of issues that had accumulated. However, the re matter to assemble a group of pertinent articles 
sulting ease of reference has more than repaid the initial ports, including one giving readings made during 
effort. Chief features of the method are versity of Wisconsin “prom.” These were revi 

l Back issues are disassembled and the articles separated the ‘Tain and were available the con lerat 
fac cach other others at the meeting. In this way it was easily ck 

» Where there is more than one sheet to an article the strated, without argument or bad feelings, that tl 
several sheets are cemented together at the left hand side. This inal design had not been based on a sufficient all 
prevents mixing up loose sheets. It also provides considerabl for the heat gain due to occupancy 
’ . P . . ling oO \; - ryvino <« lino ind - . 

einforcement at the binding edge \iter trying stapling and One of the difficulties of this method of pr 
a number of types of paste and cement, the st if clear , 
.  ; yy chbempe tee and filing articles is met where two or mor 
rubber cement was found the most satistactory It does not ] } ! 

“aR? 3 are on the same sheet Chere are a number 
shrink or stretch the paper and holds very satisfactorily when : the 
solutions which may be employed for obtaining 


properly applied ' 

} All sheets are trimmed to a uniform size. both because ond copy ot what is on one side of the sheet s 

} - . . ‘* , s+] th, , +s} 

f the improved appearance and for ease in handling and bind have both articles complete Frequently the pu 

ng The size adopted is 8'4x11 in This width ts enough tn willing to furnish “tear sheets” of the necessar 
all but rare cases and has the advantage 


that the 8'2x11 in. separating sheets used 


for indexing project ‘4 in. This facilitates 
reterence 
} \ll sheets are punched on standard 
three ring binder spacing 
\fter sorting into the proper groups 


ind sub-groups, the articles are bound into 
oseleaf volumes It was originally 
planned to use the common three ring 
binder covers, but it was found that single 
heets were apt to be torn out of this type 


Phe se of straight, round binding posts 
very satisfactory 

With this arrangement volumes of 
suitable size can be made up and the 
nly indexing needed can be accom 
plished with standard separating 
sheets with index tabs. \s_ the 


amount of accumulated material m 


*Mechanical Engine 


Volumes of suitable sizes are made up, 
and indexed to meet the user’s needs 





250 Heatinc, Preinc anp Aim Conprrioninc, APRIL. 
































: ii | 
rr o ~ ° e 
~ ie "FIG pines 
28 SR2 naa 96 % JOD/UM 7| = 
' N\ =) ; 2) L£ j/ 
i  & “ 7 CHLOR/DE / 
204 k a) 8O/8 a. s 2 Re / a4 / . 
+ st) . Y CREE ING V + wsere VA | 
» % * & . PRE EZ ad TS / | 
27D), saw 19 9 179) .S) a07 7 tits f or ri¢ rect 
4 _ { a! y Ma 
? © « S < & / 
.& AD an \i> _ = 
N 2 9 ‘ ~) a) | 
yee 62 SWRI ITA? a | € . 
So 1 Mere y »| SS h a . 
: P | h 7 
S . Ss 4 Re I 1o¢ t a 
i < a) %v a) in 
lia od? 36N1/22 C680 | 76S 
ee ert ek: ee) et ee ow, 
Q ° & } .) 
| S vu & 
Li? S9dos 1/261 63 E fede & 033 
y Ss 
|S ae. a By R. C. Doremus 
X ci . a . 2 
6 FSN//BAVS ID CIOV) 840M | 
} ’ | | ] 
> i 
s 45 56.5 ad | 
This information on designing piping 
4 > j © 854 for indirect retrigeration systems using 
sodium chloride brine completes the 
| 4 S| (a #6 data presented last month on calcium 
ran Gee chloride brine and water as indirect 
908 |/087\/8 |448\.8 
| | retrigerants. How to avoid corro 
902 \.080\/0.8 \4 279 sion and the use of corrosion re tardants 
are also disc Liss¢ d 
gas 97 Z RAR 
9 889 |.065 | 9 897 
a 28? 7 a ? 
\e 142 3 2? 
) 
30 «(25 20 5 c c C F 
ODIUM chloride ine has its field ot pplication 
in higher temperature refrigeration work than ¢ ‘ 15 | 
cium chloride, such as from O to 34 F. Its streng 
be increased to the unimMum treezing point I ( : 
ximately O | ul m account ol the to wo! 
slush near this point should not be used below O or deter 
Fig. 1 shows gravities and freezing points from whi 
e proper strength may be determined for any applica : lig 
If the brine becomes weakened by the additior ( 
ater in any process and its likely to freeze, this « 
ll facilitate calculation of the proper amount of sodiu : t 
chloride that must be added to give the brine its corre¢ sod \ 
strength and freezing point ( 
Like calcium chloride brine, the specific heat of sodiut to give a fluid ve ’ 
chloride brine varies with the strength and temperatur econ 
4 , 
\verage values are given on the chart to assist in mak : 
ing calculations, but for greater accuracy reference (On the other t If 
shoul ] be made to engines ring tables of spec ific | eats ( 
There is a handy rule of thumb applying to sodi eate 
chloride brine It varies somewhat with temperaturé 
but for a O F ammonia temperature, the gallons of brin« + 
circulated per minute per ton multiplied by the brine ( 
temperature range from supply to return will be a con 
Stant (25.8)- S mae ; 
Piping Materials 
if we circulate 6 gpm per minute per ton, ¢ 
I ( 
1 Wwe circulate gpm per n mute per ¢ ; ' , 
Qf F 
py . ( 
Engineer, Detroit I M e { Me ] ‘ ‘ ré erect 
Contributing Editors 
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up a large galvanic cell and the metal forming 
the positive electrode will gradually, dissolve 
and tend to plate out on the other metal. Brine 
piping systems are therefore usually composed l 
entirely of iron and steel using an all iron 
pump, or of brass or bronze and copper with 
an all bronze pump. In cases where this has / 
been disregarded, we all know of plenty of in- 
stances where the iron, especially cast iron, was 


17 Bete 














F/G. 3 SODIUM CHLORIDE 
BRINE PIPE FRICTION 
MULTIPLIERS 


gradually dissolved, graphited and disintegrated Me Pi 
while the brass and bronze parts stood up .®& 
S$ Gr f 
without any such noticeable corrosion. Qi 
| S Lis s 
: : eS 
Brine Corrosion and Retardants = 12 110 apa te 
Even though the component parts of equip i] Set 8 ee 
ment and piping of a brine circulating system ; ar 
be correctly chosen, the brine is likely to be 30 40 
more corrosive to the metals than is water un- Termperature, F 
less a corrosion retardant is used. The re- 
tardant used with calcium chloride is sodium chromate. In water circulating systems, the corrosion reta 
Sodium dichromate is frequently more easily obtainable used is sodium silicate or water glass. The dosa 
than normal chromate, but this is acid-forming so it 200 Ib per 1000 cu ft of water in the system. T! 
must be normalized with alkali. Consequently, the been used with very good success for a number oi 
usual dosage is 100 Ib of sodium dichromate and about even in condenser water systems where spray por 
31 Ib of caustic soda to each 1000 cu ft of brine in the cooling towers are used. 
system. Tests have shown that this retardant will re- No brine of either sodium or calcium shou! 
duce the corrosion from 100 to 5 per cent. Most of the strongly acid or alkaline if corrosion of metals is 
manufacturers of calcium chloride are able to furnish avoided, regardless of whether retardants are used 
this salt either with or without chromate as desired. acid brine will attack any metals in the system. | 
Sodium chloride brine is even more corrosive to metals piping system is all iron and contains no brass or I 
than calcium chloride, especially near the liquid level in or copper, a high alkalinity will give very good px 
an open system where the metal is alternately wetted tion; yet high alkalinity is disastrous to brass and 
and dried. However, corrosion may be similarly reduced per and their alloys. Therefore, in general, a low all 
by the use of 100 Ib of disodium phosphate per 1000 cu linity is the most desirable for a low corrosion rat: 
ft of brine in the system. These retardants dissipate all metals. On the pH scale of hydrogen ionizat 
themselves about 50 per cent in a year’s time and should where 7.0 is neutral, the brine should be maintain 
he replenished at this rate to maintain their effectiveness. a pH range of 7.5 to 8.0 for brass and copper and t 
alloys and n 
higher—8.0 to 9.0 
the system is 
' or steel. 
/ \ny laborator 
ice machine compat 
/ able to make pl 
on brine samples 
E // — 
the plant of 30 tor 
wh more is large enoug 
- a “ro for the engine 
> Baia ae 
& charge to have | 
» 
@ pH test apparatus 
v that he may frequ 
S test and conditiwr 
& own brine without 
& 
c side assistance 
we brine is in a clos 
a mg system, it will 
yD .- a % ‘ 
aw main fairly consta 
~% 300 eat sit - with changes in th 
value taking 
S FIG-2 UM CHLORIDE CHART ates Oto a 
Ss Ss 
_ SHOWING VARIATIONS OF QUANTITY ~~ 
OF BRINE FLOW TO TEMPERATURE open system and 
a ie 4 RANGE to turn more alkalu 
5 60 70 700 its alkalinity ma) 
Tons of Refrigeration reduced to the prope! 
1938 


te 
A 
te 
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point by the addition of a mild acid such 2c TTT BRE a a om ] 
: arbon dioxide gas. If it tends to turn Sa reed 1G. 4 - 
its alkalinity may be increased to ere «een 
the proper point by the addition of small ole UT TT [Capacity and Friction | 
vunts of caustic soda or lime until it vs | >, wy tse doy of aes 7 
es to the desired pl! range. In ice 9-% ; oe AN nt —e, | " bps 
kine pl ‘old storage warehouses Souk 2 “WY AK SRAESL ENG 2 ® | (007 ¢ 
iking plants, co g ~ <) ‘ a 
breweries, pil brine tests should be ry 8 a 1 ‘ , 
le frequently—at least once every ~ : : : Nay “if 
ee or four weeks to insure keeping the . e 
ne at proper strength and at the proper S 6 “SaN S | 
alkalinity on the pl scale. \ ' ee) i 
S é 9 Yo 
When this subject of brine corrosion « 4} r ; : ; het t Nile. 7 | 
piping and equipment is more fully ap > #2) lan | la, 
reciated and more thoroughly undet 3 54 | t { ‘ ~ < 
stood than it has been, brine systems will © , | |__yo} . % 
he maintained properly as recommended 23} . 4 
corrosion authorities Che rate of cor 2 | : ' , Nort ; <0 - i 
sion of piping and equipment will be | | m2 te Ts ‘ t | 
educed to a practical minimum which RB | ry 
| largely eliminate the corrosion dis ; L | | | PUTT —— 
; 025 050 .075 10 . wae 0 2 345 3 
vantage in the brine system of indirect =_— Priction Noad per 100 Ft a 
geratviol 
a on ae . be — ry ¢ ° y 
Factors Governing Heat Transfer in Kettles 
| lis well known that the metal itself offers only on value observed for the ketth LvIng el mn 
of the several resistances to heat flow in transferring 0.173 « in inch thi : 
eat from steam to the product being processed in a i the heating surface were kept 
etth [he most important of these other resistances kettle would require about 3.4 per cent longet 
o heat flow are the films of condensed steam on the boil the same quantity of wate t were desire 
steal side, and liquid on the product side ecep t| Cc heating time the same Like i 1 tine { { 
Since the effects of these films should not be influenced surface of the new kettle shou ncreased 3.4 
ippreciably by a change in the thickness of the metal, per cent 
since, as stated above, the metal itself plays a rela It should be noted that thes ilues reter to. th 
vely small part in determining the overall rate of heat boiling ot wat With more si s liquids where 
inster, a small change in the thickness of the metal film coefficient would be expected t . we the ett 
have only a very slight effect on the overall rate of the increase in thickness of the met ul e evel 
eal transfet less than calculated tor watet 
I | ractical te StS, 1t 1S possible to determine the ovet be me ehoibl 
: rate of heat transter of a typical kettle, and by using 
he known values for the thermal conductivity of th Summer Air Conditioning Season in Chicago 
: al, bs 1S possible to calculate the re sistances to heat Starts with First Day af Spring 
f} offered by the films discussed above. Using su ’ 
iiculated values for the film coefficients, it is possible Chicago owners and operator 
estimate the overall rate of heat transfer for any thick ems lost n , starting tne IO .™ 
ess of metal. larch 21—the wth day 7” ; - 
tor example, practical tests with a nickel steam jack ecord since 1907, The air cor _—" : 
etted kettle having an inner jacket 0.173 of an inch thick nonwealth Edison Co, answered a numb eth 
| operating with 80 Ib per sq in. pressure steam, mt es Pe ae PONT ee ee ee ; 
ved an overall rate of heat transfer of 442 Btu per sq Wy ee Onnene —. ™ 7). ae 
heat surface per degree Fahrenheit temperature di eTRCIS PTOVIGS OT HATTIE SUCH SCIVS OB NPT 
ference per hour, in bringing water to the boiling point a ; : — 
he calculated overall film coefficient in this case was Carbon Dioxide Refrigeration Piping 
it 550 Btu, and using this value for the film coeffi he column heading reading “Heat of Liquid at 86 | 
ent it can be calculated that with nickel 0.203 of an Btu per Lb” in the table on carbon dioxide published 
! thick the overall rate of heat transfer would be page 107, February, 1938, Hearine, Pipinc ANp Air 
ut 427 Btu per sq ft per degree Fahrenheit per hour CONDITIONING, should read “Heat of Liquid at 87.6 | 
is would be approximately 96.6 per cent of the Btu per Lb” 
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process and by means of a pump, produced fairl) 


temperatures. This was 10 years before the inve: 


kK. Vernon Hill’s* Page 


Vacuum 





HAT is a vacuum?” I asked this question of a 
student in the class, a tall, fair-haired South- 
erner from Alabama. 


somewhat. “A place,”’ he said, “where there ain’t noth- 


His answer startled me 


ing nohow.,.”’ 
“A vacuum,” I re- 
plied, “is not a place, it is a condition.” 


| attempted to argue the point. 
He answered, 
“IT don’t see how you can have a vacuum unless you 
have a place to put it.” 

[ graded him 100 on his answer; 75 because it was 
evident that his [ 
definite and 25 
English, 


conception of a vacuum was clear and 
additional because of his picturesque 


My old Ganot’s “Physics” defines a vacuum as, “a 
space absolutely devoid of matter’ and from this defi 
nition we are forced to conclude that an absolute vac 
uum is an abstract conception that cannot be produced 
by any mechanical means at our command. 

In the ordinary double piston type of vacuum pump 
in the laboratory, the air may be exhausted from a re 
ceiver until the pressure of the contained gases is re- 
duced to a point where it will no longer lift the valves of 
the pump. We may, in this way, produce a vacuum 
of about 29 in. of mercury. If a higher, or lower, vac 
uum (I never know which to call it) is required, we 
must have recourse to other methods. 

The Sprengel or Morren form of pump, for example, 
may be used. This type of apparatus uses a mercury 
column to produce the vacuum, a Torricellian vacuum 
as it is called. Ifa glass tube, longer than a barometer, 
is sealed at one end and filled with mercury and inverted, 
the mercury descends until its weight balances the at 
mospheric pressure and the space at the top of the 
mercury column is a “Torricellian vacuum”, as near a 
perfect vacuum as we can produce. Utilizing this prin 
ciple, Morren designed an air pump in which he could 
produce a vacuum of 0.1 of a millimeter of mercury, or 
29.916 in. 

l‘inkner secured even better results by filling the re- 
ceiver of his air pump with oxygen containing a small 
After the 
hausted to the lowest point, the copper filings were 


amount of copper filings. oxygen was ex 
heated to redness combining with the trace of oxygen 
left in the receiver and thus producing a very high vac- 
uum, More recently, Crooks and other research work- 
ers, with modern methods, have been able to obtain a 
vacuum as low as 29.916 in. of mercury, considering a 
perfect vacuum as being 29.92 in. 

We are not, however, so much interested in the low 
vacuums obtained in the laboratory as we are in the de 
velopment in recent years of practical commercial appar- 
atus that can be applied successfully in air conditioning. 

Dr. William Cullen, in 1755, experimented exten 
sively with refrigeration methods. He used the vacuum 
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of the steam engine by James Watt. Dr. Cullen's 


however, was never developed beyond the labo: 


stage. 

At the beginning of the present century, Sir ( 
Parsons took out a patent for a 
tem, using a steam jet to compress the water vapor 


steam jet, therefore, is not new, but improvement 


design and increased efficiency have made it possil 


day to produce a vacuum in a tank containing wat 


29.75 in. of mercury, causing the water to boil at 
perature of 40 F and do this efficiently and econo: 
The steam jet, furthermore, if we 


are not 


interested in economical operation, will carry a va 


considerably lower than this; down to a vacuum oi 
in. of mercury, which corresponds to a temperat 
31.85 F. 


Another very important development in t 


e prod 


of low vacuums is the multistage compressor 


Bancel and his associates have produced rather st 
improvements in this type of machine in recent 
With the multistage 
handle the enormous volume of vapor necessary 
that 
temperature of 40 I ; and if, as in the steam jet 1 


compressor, it 1s NOW poss 


maintain a vacuum will cause water to 


we are not particularly concerned with economy of 


consumption and condenser water, the vacuum 


carried down low enough to freeze the water in thx 
It is very probable that the development and pert 
of these two methods of producing a low vacuun 
markedly affect the trend of air conditioning in t] 
mediate future. 

This brings us to another point of considerabk 
est. We usually think of a vacuum and measur 


inches of mercury. We consider 


| 
atmospheric pt 


at sea level as being 14.69 lb per sq in., and if we 


the air in some container, the pressure becomes 


and so on down until a perfect vacuum, if such « 


obtained, would be zero. This is the logical. 


standable, and correct method of recording pres 
pounds per square inch, absolute. It is, of coursé 
fortunate that we have to use the term “absolut 


so custom dictates. 
In measuring a vacuum however, we do not us 


logical, understandable scale of pressures but turn 


scale upside down, so to speak, making atmospheri 


sure zero and the scale reading increasing progress 


as the pressure goes down toward zero. 

We are not even content with this confusing proc 
but record pressure and vacuums in pounds per s 
inch, in inches of mercury and in millimeters of met 
so the poor student who takes up the study of this 


ject has his difficulty in understanding fundamental 


ciples, many times multiplied by our illogical and 
necessarily complicated methods of indicating pressu 


below atmosphere. I suggest, therefore, that pound 
square inch, absolute, be made the only standard n 
by all engineering s« cieties. 

John Aeberly asked me what my subject would 
my page this month. I answered him, “Nothing 
is, a vacuum”, His reply was trite and not unexp: 
“Your usual contribution.” 
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Fig. 6 Phe temperature of the spray water decreases 
as the quantity of air supplied is increased, as illustrated 
HE method of computing the total heat transfert 
' eval t conde nse! Was cIscusse ] Inct ‘ ’ 
nt (_urves ind tables were presented ( 
es sho. Ing he s¢ I} idd my the — SS10O! 1 
rating oO condensers Tie select ( « 
es and coil areas S 
Effect of Change in Coefficients, f, and U, 
on Condenser Capacity 
Generally, a large change in the value of f, has e 
effect on the capacity of a condenser. A change 
value of U, on the other hand, has considerabl os 
fect on the condenser performance. These stat 
are confirmed by Figs. 4 and 5, where groups 
( Me f I ( ( i 
Part 1 was publishe in the Mar 1988. Hea P Substitu 
Co» NING, pp. 165-168 
ht, 1938, by Wil Goo - = 
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Temperature of Spray Water 
and Theoretical Maximum Capacity of Condensers 


When computing curves like those of Figs. 4 and 5, 
the temperature of the spray water will be found to de 
crease as the quantity of air supplied is increased, and 
the condenser capacity increases. This is illustrated in 
lig. 6, where the spray water temperatures are plotted 
10 and U) = 235, 
puted as illustrated by example 2. 

The temperature of the spray water falls as the quan 
tity of air is increased, as shown in Fig. 6. At low air 
quantities the temperature drops rapidly for a small in 


for f, These temperatures were com 


crease in air quantity. For larger air quantities, how 
ever, the drop in temperature is negligible even for a 
relatively large increase in air quantity. The maximum 
capacity of the condenser is obtained when the tempera- 
ture of the spray water is a minimum. The minimum 
temperature and maximum condenser capacity can be 
obtained only when the quantity of air is infinite 
Although the capacity of a condenser with an infinite 
quantity of air has no practical significance, it is of value 
in indicating the limitation in capacity for an increase in 
air volume. 
in the air volume beyond about point FP has little effect 


It is apparent from Fig. 5 that an increase 


on the condenser capacity. 

In order to find the maximum possible capacity of a 
condenser as the air quantity is made infinitely large, 
the lowest possible spray water temperature must first 
As shown in appendix 3, the water 


be found. spray 


temperature is a minimum when 


Vi . [6] 


0.241 


Using this value of N in Table 2, the minimum pos 
sible spray water temperature can be found by means of 
lig. 2. The theoretical maximum capacity of the con 
denser can then be found by substituting this minimum 
spray water temperature into equation 4; equation | 
should not be used as it becomes indeterminate for an 
infinite air quantity. The method of determining the 
theoretical maximum condenser capacity that the various 





curves of Fig. 5 approach with increasing air quai 
is illustrated by example 3. 
Example 3: 


lowest possible spray water temperature 


Take the conditions of example 2 and 


and the maxin 


sible capacity of the condenser when the air quantity 
infimtely large 
Solution 
Vi 
0.241 
10 
0.24 X 25 
L.67 
Interpolating in Table 2, for A 1.67, @ 
Using Fig. 2, the lowest possible spray water tet 
te 86.8 F 
H 
iy fw) 
A 
25 €100 S65) 
330 Btu per hr per sq 
capacity 
0) 
0.0241 tons per sq tt, maxin 
13,680 
l 
—- 11.5 sq ft per to 
0.0241 theoretically can be use 


Example 3 also illustrates the method of fin 
minimum surface area that theoretically can be us 
amount of surface 


the condenser. The actual 


should be used 1S, of course, greater, but a knowl 
the theoretical minimum surface is of value and 
Notice in Fig. 4 that as the air quantity is increas¢ 
curve approaches the value of 41.5 sq ft per tor 
in the preceding example. 

\lso, as is evident in lig. 4, the minimun 
of air is required when the surface area is infinite 
the surface area is infinite, .V is, according to equ 


For M 


Therefore, for 


also infinite. infinity, Z is, according 


1, equal to one. infinity, and 
the value of N is equal to zero according to equat 
For N = 0, 


other words, for this condition, the 


it is evident from Fig. 2 that ¢ 


temperature 





Symbols 
f area of outside surface of condensing coil, sq ft (area in h enthalpy of air leaving condenser, Btu per Ib 
contact with spray water). hi enthalpy of air at a wet bulb temperature equal t 
B ratio of outside to inside surface of coil perature of the condensing refrigerant, Btu pet 
l hi enthalpy of air at a wet bulb temperature equa 


area of inside surface of condensing coil, sq ft (area in 


B contact with condensing refrigerant) 


f coeficient of heat transfer between air and water (ait 


film coefficient), Btu per hr per sq ft of surface per de- 


gree Fahrenheit difference. 


fr coefficient of heat transmission between condensing refrig- 


erant and metal tube wall (refrigerant film coefficient), 


Btu per hr per sq ft per F. 


Fw coefficient of heat transmission between water and metal 
wall (water film coefficient), Btu per hr per sq ft per F. 
G weight of air circulated through the condenser, Ib per hr 


H total heat surrendered by the condensing refrigerant 


that is, the total heat capacity of the condenser, Btu per hr. 


hy enthalpy (heat content) of air entering condenser, Btu 


per Ib. 


temperature of the spray water, Btu per I! 


V a quantity defined by equation 2 

N a quantity defined by equation 3 

Vi limiting value of N as defined by equation 6 

ty initial dry bulb temperature of the air, | 

t final dry bulb temperature of air leaving 

t,’ initial wet bulb temperature of the air, | 

t.? final wet bulb temperature of air leaving cond 

fp <= temperature of condensing refrigerant, F. 

te temperature of spray water, F. 

(’ = coefficient of heat transmission defined by equatior 
per hr per sq ft of external surface per | 

w absolute humidity of air, lb per Ib of dry air 

Z =a quantity that depends on M; see Table 1 
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ray water would be equal to the temperature of the 


condensing refrigerant. Therefore, the theoretical mini 


um cfm per ton can be found by means of equation 1, 


letting Ay = /iz, and Z 1. The minimum air quan 


ty that could theoretically be used for the conditions 
Fig. 4 is 109 cfm per ton as computed in this manne 
he curves of Fig. 5 converge at this value. 


\ knowledge of these theoretical minimum values of 
cim and area is of value when designing a condenser for 


siven set of conditions. The actual cfm and area must, 


 s' 


course, be greater than these minimum values 


Final Wet and Dry Bulb Temperatures 
of Air Leaving Condenser 


Inasmuch as all of the heat surrendered by the cor 


lensing vapor is carried away by the air, the final en 


alp\ of the an leaving the condenser can be found 
llows: 


correspond 


Che final wet bulb temperature of the ai 


ing to its enthalpy can be found in the 


psychrometri 
tables published in the January, 1938, Heatine, Prprn 
\NpD AIR CONDITIONING, pp. 4-6 

\s shown in appendix 4, the condition of the ai 
raveling through an evaporative condenser and in cor 


tact with the spray water at a constant temperature cal 
psvchrometri 


Pomt 4 


entering the coi 


ve represented by a straight line on th 
chart. This is illustrated in Fig. 7 


sents the initial condition of the at 


lenser; point B on the saturation curve represents the 
onstant temperature of the spray water; and point ( 
epresents the final condition of the air leaving the cor 


~ 


Point C can be found by drawing a straight line 


aensel 


between the known points 4 and B. Then the final wet 


bulb temperature of the air leaving the condenser cai 





[he evaporative condenser is an item of air con- 
ditioning and heat transfer equipment that has de- 
veloped rapidly in recent months and is finding ever 
increasing usage. Very little authoritative engineer- 
ing information about this type of apparatus has 
been generally available until now. . . . In this dis- 
cussion, the author gives basic methods and equa- 
tions, with examples showing their use, describes how 
to compute heat transferred by evaporative condens- 
ers, rating of a condenser, selection of air quantity 
and coil area, determination of spray water tempera- 
ture and theoretical maximum capacity of condensers. 
caleulation of final temperature of leaving air, quan- 
tity of water evaporated, ete. . .. He concludes with 


a tew practical pointers on operation of equipment 
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Ordinarily the weight of water evaporated 
denser is so small that it is not important. Howe 
some installations—such as those in railroad cat 





cient water must be carried for the duration of the run, 
and the weight evaporated then becomes important, A\I- 
though, under these conditions, the moisture condensed 
from the air at the cooling coils can be drained back to 
the condenser, a moment’s consideration will show that 
it must necessarily be far less in amount than the amount 
evaporated in the condenser. 


Quantity of Water Evaporated 


Che amount of water that will be evaporated in a con 
denser is frequently computed by figuring that about 14 
lb per hr of water will be evaporated per ton of refriger- 
ating capacity. This is obtained by dividing 14,000 Btu 
per hr, the approximate heat surrendered by the condens 
ing vapor per ton, by the latent heat of water, which is 
about 1000 Btu. However, the weight thus obtained 
may be in error. 

he amount of water evaporated depends upon the 
final dry bulb temperature of the air leaving the con- 
denser. If the dry bulb temperature is lowered, the 
weight of water evaporated will be larger than the ap 
proximate figure of 14 lb per hr per ton. In this case, 
the water that is evaporated not only carries away the 
heat transferred from the condensing refrigerant, but also 
the sensible heat lost by the air as its dry bulb tempera 
ture is lowered. 

Qn the other hand, if the dry bulb temperature of the 
air is increased, the weight of water evaporated will be 
less than 14 Ib per ton per hr. In this case, only part 
of the heat surrendered by the condensing refrigerant 
evaporates water; the balance of this heat increases the 
dry bulb temperature of the air. Hence, the weight of 
water evaporated is decreased as the dry bulb tempera 
ture of the leaving air increases. 

In addition to the water evaporated, water is also car 
ried out of the condenser by entrainment in the air 
stream. The loss due to entrainment depends upon the 
means provided for lessening this loss. 

Notice in the skeleton psychrometric chart of Fig. 7 
that the weight of water evaporated per pound of air 
decreases as the temperature of the spray water falls 
from D to B. But, as previously shown, the total quan- 
tity of water evaporated per ton increases as the tempera 
ture of the spray water falls. This apparent contradic 
tion can be explained by referring to Fig. 6. For a given 
set of conditions, a low spray water temperature can be 
obtained only with an increase in the quantity of air. In 
other words, comparing points D and B of Fig. 7, even 
though the weight of water evaporated per pound of air 
decreases as the water temperature is decreased, the in 
crease in the total quantity of air required to obtain this 
lower water temperature is sufficient to result in an in- 
crease in the total weight of water evaporated per ton 
that is, the product of the larger air quantity and the 
smaller weight of water evaporated per pound of air 


increases. 
Practical Pointers on Operation 


Increasing Capacity—After a condenser has been in 
stalled, an attempt is sometimes made to increase its 
capacity by increasing the fan speed and the quantity of 
air handled. Whether or not speeding up the fan will 
increase the capacity of the condenser depends upon the 


point 
lor e 


at which the condenser was operating origi: 
xample, referring to Fig. 5, if the condenser 


originally operating at point 4, an increase in the q 


tity of air would result in a marked increase in its ca 


ity. 


On the other hand, if the condenser is al; 


operating at point B, it is evident that regardless of 


much 


the air quantity is increased, the capacity 


condenser cannot be increased much. 
Effect of Noncondensable Gases—In selecting ey 


ative condensers, it is always necessary to allow fo, 


ettect 


of the ever-present noncondensable gases. |) 


condenser, the head pressure will invariably h« 


than that corresponding to the temperature of th 


densing refrigerant. Roughly speaking, the head 


sure may be 5 or 10 Ib higher than the pressure acti 


corresponding to the condensing temperature. [i 
essential to prevent the condensing temperatur: 


eXCceec 
must 


gases. 


ling some previously selected value, then allow 


be made for the effect of these noncondens 


Therefore, in selecting a condenser, it shoul 


selected for a head pressure that is from 5 to 10 Ib |] 


than 


“Freon”, this means selecting a condenser for 


densi 


tempe 


presst 


the maximum pressure that is permissibk 


ig temperature that is from 3 to 6 F lower tha: 
rature corresponding to the maximum alk 


ire. 


Roof Installations I’vaporative condensers ar 


install 
install 


ed on the roof. The liquid receiver in su 


ation should be protected from the direct 1 


the sun. In addition to the fact that excessive pres 


may | 
there 


re developed in the receiver because of this 
is also the fact that the capacity of the syster 


be decreased if the temperature of the liquid refrig 


suppl 


[Ce 


ican 


automobile dashboards, radios, etc.. are cite 
classif 


as af 


] 





ed to the expansion valve is increased 

mcluded. The appendices will be published next 
[Concluded from p. 245] 

male than through “gadget appeal’; toy 


y a service such as air conditioning with toy 


orm of amusement seems far fetched As t 


appeal of a gadget, it seems more accurate to say 


radios, for instance, sold more widely when gadgets 


remo\ 
Acc 

marke 

it is 


ed. 


‘ording to “Fortune,” a factor blocking 


‘tt’ for air conditioning is cost, and cost 
because of refrigeration. Other dehumiditi 


methods are described and it is stated that on 


advan 
attituc 
friend 


tage of the moisture adsorbing process 
le of some electric utilities in not being 
ly toward air conditioning—for it tends to « 


a summer, rather than a winter, peak. This may 


in some instances; majority utility opinion is, we 


lieve, 
peak 
usage 


that their business is to sell power, and if a su 
is created, means can be found to promote 
to balance it—just as utilities have prot 


summer air conditioning to balance the winter peal 
Despite the foregoing, the article is well wort! 


ing to 
point 


\ 


r it gives those within the industry an outside 
which is almost always valuable. There at 


course, broad statements that the air conditioning 


neer would be inclined to qualify; the trend in mots 


adsorbing processes for instance, seems toward the! 


in conjunction with refrigeration rather than to suf 


it. 
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For lining up the pipe for the tacking crew, a simple but efficient tool was developed 


‘elded Piping in the Sulphur Industry 


By ©. B. MeLaughlan* 


\ e bras ining sulphu irge e | ‘ ( ( 
cs - il ( ite steal compress l 1 sul te ‘ 
liquid sulphur are handled \ decade ag Sul to Grand Bay 
s designed for s purpose, the use of welded pip ( ty 12 eel | 
i! nttings was ! ( In more recent plants suk restle ‘ } 
t at Grande | ull lla welded piping is W le eCCeSS 1 cs wu 2 
is plan Was mpleted by the Freeport Su lines 1 f ( 5 
Co. in 1933 wnward the mu the 
e terrain in the region of the plant required sever ( Su e at the headers p 
usual methods of construction Being situated about ne or more of the ( or emergent () 
1) miles south of New Orleans in the low, swamp pposite sice he | u, the S 
ls of the Mississippi Delta, transportation of men and nected t mn ' ne 
ial was entirely by means of boats and barges \ The single 14 ne tinue 
0 mile canal connects Grande Ecaille with the slight] plant at Gra wit 
rand firmer ground at Port Sulphur, which is | In the fabrication this pipe line. three 20 
n the west bank of the Mississipp1 Some settl pipe wert lel together at Freeport Der 
nt of the piling supported buildings and trestles was OO ft sectior ich were shipped by barge t Si 
ted and also on account of the high pressures and phu Ux rriving at Port Sulphur, the pipe put 
ratures of the fluids transported through the piping hrough a , ch scrap 
| steel construction appeared to be the preferabl pass. After being painted, tws 
n fir sect vers elds tous ‘ 
e only source of the large quantities of fresh water section 120 ft lor The 120 ft tions we 
red for sulphur mining was the Mississippi River by barge to where they were to be us 
mvey this water to the plant 10 miles distant r position by a dragline machine mounted o1 tee] 
1 the construction of a pipe line along the bank When all of the pipe was in positior a tacki ‘ 
; Ee A ea, a ae tarted at one end and aligned and tacked the entiré ( 
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The piping problems encountered in the production 
of sulphur are many and varied, Mr. McLaughlan 
told members of the International Acetylene Asso- 
ciation at their annual convention in Birmingham 
last fall. He then discussed the design, fabrication, 
and erection of the welded piping for Freeport Sul- 
phur’s plant at Grande Ecaille, La. . . . This article, 
taken from his talk, shows how piping—*industry’s 
most important transportation system™”—serves in the 
production of sulphur 





with the exception of the channel crossing. The welding 
operators, of whom there were three, followed the tack- 
ing crew and worked from a barge, using specially con- 
structed platforms. The tie-in welds were made by 
means of position welding similar to the “beil-hole” welds 
on buried pipe, but all other welds on this line were 
made by rolling the pipe. 

The backhand welding method was used on all of the 
welds. On the 14 in. pipe, the average time was about 
20 min per weld, and about 20 min was required for 
moving the barge. This system of operation permitted 
three welding operators to complete approximately 4800 
ft of pipe line per day. 

In fabricating the crossings, the 8 in. pipe was welded 
into sections long enough to span the channels, this dis- 
tance usually being about 500 ft. The individual sections 
were closed with “bull plugs” and tested with a hydro 
static pressure of 1000 Ib per sq in. After testing, the 
welds were covered with forged reinforcing rings, which 
were welded in place with a weld along each side and a 
weld at each end. The entire pipe was then wrapped 
with tar paper and treated with a preservative. Cast 
iron anchor weights were bolted in place and the pipes 
were picked up and lashed to four barges, which towed 
them into position and dropped them into place. With 
the crossing pipes in place, the “bull plugs” were cut out 
and the final tie-in welds were made. This pipe line is 
equipped with sliding expansion joints placed every 
1000 ft and, with the exception of these joints, no leaks 
have occurred. 

For lining up the pipe for the tacking crew, a simple 
but efficient tool was developed by the Freeport Sulphur 
Co. Among the advantages of this implement are low 
cost, speed of handling pipe, portability, and simplicity 
of construction and operation. The photograph shows 
this tool in position. 

In the power plant, high pressure steam and air lines 
were fabricated from seamless tubing, the joints being 
ripple welded, while the low pressure lines are ordinary 
lap welded pipe. Most of the pipe w ‘ding in the power 
plant was done by the ripple method, due to the fact that 
experienced backhand welders were not available. The 
general design of the piping system is of no particular 
interest since the layout is mostly of a conventional 
nature. However, due to the necessity of uninterrupted 
service on the hot water system, three complete circuits 
were provided so that a shut-down is highly improbable. 

When the piping was completed, a hydrostatic pressure 
of 500 Ib per sq in. was imposed on the system. The 
boilers were then fired up and steam at 200 Ib pressure 
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was turned into the lines, after which the lines 
allowed to cool and condense the steam, creati: 
vacuum. In spite of the complicated piping systen 
the other conditions which made welding difficult, 
three leaks were discovered. 

lor various reasons it was advisable to locat 
power plant approximately one mile from the actual 
ing operations. Such an arrangement requires pipx 
for conveying hot water, compressed air and stean 
the plant to the field, and here also the pipe lines 
laid on timber trestles or bents. With the except 
the compressed air line, which carries a working pri 
of 600 Ib per sq in. and is made of 4 in. extra 
galvanized pipe, all of these lines are made up oi 
ard pipe, and are backhand welded. Because « 
small diameter and the galvanized surface, the 4 
was ripple welded. The steam and hot water lines 
a working pressure of approximately 250 Ib per 
Those lines were welded in the conventional mann 
many joints as possible being welded by rolling, an 
tie-ins being made with the pipe in its proper posit 


Many Piping Problems in Producing Sulphu: 


The piping problems encountered in the actual 
duction of sulphur are many and varied. It is neces 
to convey the liquid sulphur from the wells to th 
station and from there to the vats directly, or to 
purification plant and then to the vats. The sulphu 
kept in a molten state by steam heat which is supy 
The fab: 


tion of these sulphur lines and the necessary fitti: 


by either a steam jacket or an inner line. 


would be tedious and expensive without the use of y 
ing. 

On comparatively long sections of sulphur lines, a “gut 
line” or inner steam pipe is used to maintain the 
temperature. The “gut line” is usually 2 in. galvai 
pipe joined by welding and the outer pipe which 
the sulphur is 6 in. standard. No effort is made to | 
the steam pipe centered in the larger pipe, but whe: 
enters and leaves, packing glands are supplied t 
vent leakage of the sulphur, and to permit differenc: 
expansion. Steam pressure of about 90 Ib per sq 
carried in the “gut line” to maintain the desired temp: 
ture, and the outer pipe is insulated to reduce the 1 
tion of heat. The insulation is protected by a wrap 
of tar paper which is lashed in place with wire. \: 
short sections, fittings, or other interruptions in 
sulphur line are steam jacketed to prevent the fre 
of the liquid and some of these assemblies are 1 
complicated, involving irregular shapes and more 
Welding is especially applicable to su 


cart 


one size of pipe. 
work. 

The “booster lines”, 
monly called, are 6 in. galvanized pipe with asbestos 
sulation, and a sheet iron covering, also galvanized 
the booster lines have to be moved from one locatio: 
another, they are assembled by means of standard fla: 
which are welded to the ends of each joint of pipe 
method of assembly permits the repeated use of the 
pipe in various locations without the necessity of cutting 
and re-welding each time the line is moved. All « 
welds on the galvanized pipe are given a coat of red lea‘ 
to prevent corrosion, 


as the mine water lines are 
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How Man Regulates His Temperature 
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present stage of our civilization we are not content with merely 


| 


avoiding discomfort, but we demand the same standards of 


purity in the air we breathe as in food and drinking wate 


Dr. Yaglou concluded with a survey of the effectiveness of 
modern air conditioning in therapeutics, particularly its employ 
ment in hospitals and clinics, indicating that this should be a 


tar reaching development. 


“Cooling of operating and post operative rooms is fast becom 


ing a regular technique,” he said. “It protects the patient against 


heat stroke and improves his recuperating power in hot weather 
It also improves the efhiciency of the surgeon Year ‘round 


onditioning 1s often necessary for reducing the risk of « xplosion 
In nurseries for institutional care of premature infants, the 
requirements tor humidity are so rigorous that they can only be 
maintained by the use of air conditioning systems 


‘An interesting trend in the treatment of diseases s tl 


increasing number ot pressure chambers for the study of svy1 
dromes that are believed t he nitrated or accelerated Varia 
tions Of atmospheric pressures These chambers must be full 
conditioned,” 
e . ° 

Ventilation of Mines 

| view tr tl reat im il n e ventilation to h the 
workman and the « perator, a survey ot the ventilation chara 
teristics of several typical Illinois mines has been made during 
the past vear or two, and is described in Bulletin No. 297 ‘Ver 


I 
Nation harac eTistics ¢ Orne Illinois ines.” \ ova ) 
tilat Charact t ; 3 M by Cl M 


Smith, which has just been issued by the Engineering Exper 


ment Station of the University of Illinois \s a result of the 
survey a number of recommendations are made for the improve 
nent of the ventilating svstems in efficiency and econon t 
operation 

Until August 15, or until the supply available for free dis 
tribution is exhausted, copies of the bulletin may be obtained 
without charge upon application to Engineering Experiment 


Station, Urbana, [II. 





Alignment Charts for Moist Air 


[“Fluchtentafeln fur Feuchte Luit, 


Jahnke, published by Julius springer, Berl 134 Pr ce RM 
12.60 Reviewed by Dr. | | Giesecke, Director, Texas | ; 
neering [Experiment Station.] 

Doctor Jahnke points out that Professor Mollier’s harts 
for moist air (V. D. | iT urnal, 1929, Vol. 73) give data relat 


ing to temperature, moisture content, heat content, cooling limits, 
dew point, etc., but do not give data relating to total volume, spx 


lume, and specifi weight of moist alt Also, that, while 


ne ve 
Professor Mollier’s charts could be expanded to include the 
additional data, it would complicate them, and he recommends 
the use of alignment charts for calculations relating to moist air 

He shows that all principal equations relating to moist ai 
are of the general form 

fe(c) Tila) To 
and that such equations can be represented by alignment charts 
consisting of two parallel straight lines intersected by a_ third 
straight line. 

[he author explains in detail how alignment charts can be 
constructed which show: (1) The relation of total heat to mois 
ture content and temperature. (2) The relation of relative hu 
midity to moisture content, temperature, and pressure. (3) The 
relation of specific volume and specific weight to pressure, tem 
perature, and total heat. He includes seven large charts for uss 
in such calculations. 

The subject has been treated in a very thorough and com 
plete manner. The charts are new and are based on the latest 
available physical constants. Their use is explained by means 


of 18 numerical examples. 
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Are Welding Design and Practice 


[“Procedure Handbook of Arc Welding Design and P; 
Sth ed. 1938. 1012 +4 xii pp., 534x9 in., semi-flexib! 
Published by the Lincoln Electric Co., 12818 Coit Rd., 
Ohio. Price, $1.50 in U. S. A., $2.00 elsewhere. | 
} 


Re-issued each year to include new data essential 


use Of arc welding and its varied applications, the new 


of this well known handbook is encyclopedic in scop: 


written and protusely illustrated, with over 1200 p 


and drawings lt was prepared especially for the 
signers, engineers, architects, production managers 
supervisors and operators, and has much of interest 


men, steel fabricators and erectors, maintenance mat 


piping and pipe line contractors. 
Che eight sections of the book cover welding n 


equipment; technique ot welding; procedures, speeds 


tor welding mild steel; structure and properties of wi 
weldability of metals; designing for arc welded ste¢ 
tion of machinery; designing for ar velded str 
typical applications of arc welding in manufacturing 
and maintenance. 

In the section on typical applications, r 40 
voted specihically I velding pip A 
Furnaces and Unit Heaters 

{Air Conditionug—Furnaces and Unit Heat 
Dalzell, head, architectural engineering depart 
School. ist ed, 1938. 430+ xiv pp., 5 x 8 
Published American Technical Society, Drexel Ay 
St., Chicago, Ill. Price, $3.00.] 

Chis new book 1s intended as a text and refer 
pplication of gravity and mechanical furnaces, and 


for commercial and domestic heating 


Chapters are included on principles of ventilation, tra 

oH ert vi hy] } fing na ler ] 
COCTTIC IC ts and tabies, heat ff and < i ‘ | ids, 
conditioning principles, gravity furnaces, mechanical 
furnaces, air conditioning furnaces, registers and eg 
eating, humidification, unit heaters and a atic « 

- . . > , ° 

A.S.T.M. Publishes Proceedings 

mi 1 ~ “Dp ] 4 | 

Che 1937 “Proceedings” of the American ety 
Materials are published in two parts, lart | 
muttee reports (with appended papers) and new 


\. S. T. M. tentative standards Part Il gives 


papers, including the Marburg lecture on plastics 
In Part | are 45 committee reports outlining import 


ardization and research work. This part also inch 
specifications and tests prepared for the first time 
revised. Nine reports involve ferrous metals, includ 
yield point of structural steel (final report), wroug 
iron, corrosion, malleable iron castings, iron-chromiun 
related alloys, fatigue of metals and effect of temperat 
properties of metals. The latter has appended iten 
discrepancies in load carrying abilities of carbon steels 
and long time creep tests on certain steels. The 
address by Dr. A. C. Fieldner on “Fuels of Today 
morrow” is also included. 

Forty-seven technical papers are included in Part | 
papers comprise the symposium on significance of tests 
Several relate to metallic materials, including weid metal 
on cast iron, analysis of the Brinell hardness test, at 
properties of non-ferrous sheet metals. ‘Three papers p» 
the use of metals at elevated temperatures, There are als 
on water, particularly boiler feedwaters. 

Parts I and II can be purchased at $5.50 each in st 
cover ; $6, cloth; and $7, half-leather—from A. S. T. M 


quarters, 260 S, Broad St., Philadelphia, Pa 
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OFFICERS OF LOCAL CHAPTERS — 1938 





ATLANTA: Organised, 1937. Headquarters, Atlanta, Ga. 
Meets, First Tuesday. President, E. W. Kern, 152 Nassau St., 
N. W. Secretary, C. T. BAKER, 713 Glenn St., S. W. 

CINCINNATI: Organised, 1932. Headquarters, Cincinnati, 
O. Meets, Second Tuesday in Month. President, I. B. Hetsurn, 
610 Chamber of Commerce Bldg. Secretary, H. E. Sprovi1, 
1005 American Bldg. 

GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
cisco, Calif. Meets, First Tuesday. President, B. M. Woops, 
Univ. of Calif., Berkeley, Calif. Secretary, G. J. CumMines, 113 
Tenth St., Oakland, Calif. 

IL LINUIS: Urganised 1906. Headquarters, Chicago, III. 
Meets, Second Monday. President, S f RotrMayYER, 407 
Dearborn St. Secretary, C. E. Price, 6 N. Michigan Ave. 

IOWA - NEBRASKA: Organised, 1937. Headquarters, 
Omaha, Neb. President, A. L. Watters, 900 29th St., Des 
Moines, la. Secretary, W. R. Wuirte, 4339 Larimore Ave., 
Omaha, Neb. 

KANSAS CITY: Organized, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday in Month. President, A. H. 
S.uss, 827 Mississippi Ave., Lawrence, Kan. Secretary, Gustav 
NotrserG, 914 Campbell St. 

MANITOBA: Organized, 1935. Headquarters, Winnipeg. 
Man. Meets, Fourth Thursday. President, D. F. Micure, 492 
Wardlaw Ave. Secretary, E. J. Arcur, Ste. 23, Estelle Apts. 

MASSACHUSETTS: Organised, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, James 
Hott, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, H. C. Moore, 69 Massachusetts Ave., Cambridge, 
Mass. naj 

MICHIGAN: Organized, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after the 10th of the Month. President, 
ie Feety, 950 Trombley Rd., Grosse Pointe Pk. Secretary, 
G. H. Turrie, 2000 Second Ave. 

WESTERN MICHIGAN: Organized, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month, President, 
W. W.. Braprietp, 341 Michigan Trust Bldg. Secretary, 
S. W. Topp, Jr., 309 Paris, S. E 

MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, R. E. Bacx- 
STROM, Room 1981, First Natl. Bank Bldg., St. Paul, Minn. 
Secretary, F. C. WINTERER, 836 Juno St., St. Paul, Minn. 

MONTREAL: Organised, 1936. Headquarters, Montreal, 
Que. Meets, Third Monday. President, G. L. Wices, University 

ower. Secretary, C. W. Jounson, 630 Dorchester St., W. 

NEW YORK: Organised, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in Month. President, W. E. 
HeEIBEL, 11 West 42nd St. Secretary, T. W. REYNOLDS, 100 
Pinecrest Dr., Hastings-on-Hudson, N. Y. 

WESTERN NEW YORK: Organized, 1919. Headquarters, 
Buffalo, N. Y. Meets, Second Monday in Month. President, 
CANDEE, 19 Tremont Ave., Kenmore, N. Y. Secretary, 
W. R. Heatu, 119 Wingate Ave. 

NORTHERN OHIO: Organised, 1916. Headquarters, Cleve- 
land, O. Meets, Second Thursday in Month. President, Pump 
CoHeEN, 401 East Ohio Gas Bldg. Secretary, C. A. McKeeman, 
Case School of Applied Science. 


OKLAHOMA: Organized, 1935. Headquarters, Okla- 
homa City, Okla. Meets, Second Monday. President, E. F. 
Dawson, University of Oklahoma, Norman, Okla. Secretary, 


E. W. Gray, Box 1498, Oklahoma City, Okla. 

ONTARIO: Organized, 1922. Headquarters, Toronto, Ont. 
Meets, First Monday in Month. President, G. A. PLayratr, 
113 Simcoe St. Secretary, H. R. Ror, 57 Bloor St. W. 

PACIFIC NORTHWEST: Organized, 1928. Headquarters, 
Seattle, Wash. Meets, Second Tuesday in Month. President, 
W. W. Cox, 326 Columbia St. Secretary, M. N. Muscrave, 
314-9th Ave., 

PHILADELPHIA: Organized, 1916. Headquarters, Phila- 
delphia, Pa. Meets, Second Thursday in Month. President, 
L. P. Hynes, 240 Cherry St. Secretary, C. B. Eastman, 530 
Brookview Lane, Brookline, Upper Darby, Pa. 

PITTSBURGH: Organized, 1919. Headquarters, Pittsburgh, 
Pa. Meets, Second Monday in Month. President, J. F. Cotttns, 
ages Sixth Ave. Secretary, T. F. Rockwett, Carnegie Inst. 

ech. 

ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo. 
Meets, First Tuesday in Month. President, G. W. F. Myezzas, 3947 
W. Pine Blvd. Secretary, D. J. Factn, 1344 Woodruff Ave. 

SOUTHERN CALIFORNIA: Organized, 1930. Headquarters, 
Los Angeles, Calif. Meets, Second Tuesday in Month. President, 
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E. H. Kenpa.i, 1978 S. Los Angeles St. Secretary, J. F. Pa 
1234 South Grand. 
TEXAS: Organized, 1936. Headquarters, College Stati 


Texas. President, R. F. Tayior, 909 Banker’s ga B) 


Houston, Tex. Secretary, W. H. Bapcerr, Texas Engrg. 
periment Station, College Station, Tex. 
WASHINGTON, D. C.: Organised, 1935. Headquart 


Washington, D. C. Meets, Second Wednesday in Month. P; 
dent, L. Ourusorr, 411 Tenth St., N. W. Secretary, L. F. Nov- 
DINE, Room 203, 734 Jackson Pl., N. W. 

WISCONSIN: Organised, 1922. Headquarters, Milwau! 
Wis. Meets, Third onday in Month. President, J. H. Vi 
1906 W. St. Paul Ave. Secretary, H. C. FreEntzeEL, 3000 
Montana St. 





Nominations Invited for 


F. Paul Anderson Award 


The Committee on the F. Paul Anderson Medal Awa 
invites all members of the Society to submit the names 
candidates for the third award of the F, Paul Anders 
Medal. 

Chairman J. F. McIntire has outlined briefly the cond 
tions under which the award is to be made as follows 

(1) Any Member of the AMERICAN Society oF Hea 

ING AND VENTILATIN( 
ing during 1938 is eligible for nomination. 

(2) Each nomination sent to the Committee on Awa 


ENGINEERS in good stan 


must be accompanied by a statement of the cand 
date’s accomplishments, specifically mentioning th: 
work done or services performed and indicating 

what way such work or services have been ot 
standing in the field of heating, ventilating or air 


conditioning, during any period prior to 1938 


All nominations must be in the hands of the ( 

mittee on July 1, 1938, and are to be addressed t 
the Committee on F. Paul Anderson Medal Awar 
Heatine & 


(3 


c/o Secretary, AMERICAN SOCIETY 01 
VENTILATING ENGINEERS, 51 Madison Ave., Ni 
York, N. 

At the 44th Annual Meeting in New York Pres. | 
Gurney announced the personnel of the Committee as { 
lows: J. F. Melntire, Chairman, Prof. E. O. Eastwo 
W. T. Jones, Prof. A. P. Kratz, and Prof. G. L. Larso 

Under the regulations governing the F. Paul Anders 
Award, the Committee will report to the Council at 
last meeting of the calendar year and the presentatior 
the medal will be scheduled for the Annual Meeting 

The F. Paul Anderson Award was created and a: 
nounced at the 36th Annual Meeting by Pres. Thornt 
Lewis and the first presentation of the medal was ma 
to W. H. Carrier at the 38th Annual Meeting in Cleveland 
The second presentation was made to D1 
Annual Meeting in Chicag 


} 


January 1932. 
A. C. Willard at the 42nd 
January 1936. 

The medal is named for the late FF. Paul Anderson, Past 
President of the Society, a former Director of the R: 
search Laboratory, and for over 40 years Dean of tl 
College of Engineering at the University of Kentuck 
The F. Paul Anderson Medal was designed by John Swar 
son and carries a likeness of Dean Anderson on one sid 
and on the reverse side figures typifying heating, ventilat 
ing and air conditioning. 

The Committee on Award will welcome the cooperatio: 
of members of the Society and suggests that nomination: 
be sent promptly. 
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Air Distribution from Side Wall Outlets 


By D. W. Nelson* (MEMBER). Madison, Wis.. and D. J. Stewart . Rockford, Ul. 


This paper is the result of research sponsored by the AMERICAN Society OF HEATING AND VEN- 


rILATING ENGINEERS in cooperation with the University W isconsin, 


supervision of the Research Technical Advisory Committee on 
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Hk: selection ot outlets, which will 


cient air for effectively cooling a spact 


plish this within the limits of air 1 


erature required lor comlort, often preset 


roblem to the enginee1 


Although there 


sfactory methods of supplying air to a ro 


vill discuss only the problems in conn 


ntroduction of air through side-wall ope 


Pra ’ }’, 
{ i tae t t4eé ‘i 
, ; 
ihe engineer whi selects thre 1s 
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Sually Nas ( ving mtormation t 
1 ) 
fhe room dimensions are known 2 
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fferential between the entering an 
emperature of the room has been sele 


volume required tor supplying the necessary 


as been computed; (4) The maximun 


missible from the standpoint of nois« 


ated 5) The desired grille mounting | 
either exactly or within rather close lin 
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sired minimum room temperature 1s also ] 


The problem is to find the smallest o 


bearing in mind the noise limitation on 
will give satisfactory air distribution. Thi 
tion is often limited and the entire problen 
by additional considerations such as bean 
posts or other obstructions, non-rectangu 
the location of available space for the 
lucts leading to it 
It is often possible to find two or mo 
size and location of outlets which will 
Generally, the one involving the smallest 


| 
is the most 


t Satistactory 


he { riteria tor Comtort 


[he necessity for some standard of satisfactory ait 


distribution is apparent. The literature 
tion 1s meager and, as none of the papet 
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with tl 


Ol 


us subject, it was necessary to make 
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velocit 
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from which suitable criteria could be established 


work will not be discussed here except 


observations were limited and the subjec 
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Sa\ 


S lew 


suthciently diversified as to types of peopl 


less, these observations, together with 


experience, were used to establish a standard test pri 


Assistant proltessor f Steam and Gas Engir 
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Cooling Requirements for Summer Comfort Air Cor 
ughten, F. E. Giesecke, ( asker, and C. Gutberle 
anal Section, Heating, Piping and Air Condition 
692) 


A. S. H. V. E. Guipe, 1937, Chapter 3, p. 76 
assroom Drafts in Relation to Entering Air St: 
Houghten, H. H. Trimble, C. Gutberlet, a1 
1. V. E. Transactions, 1935, Vol. 41, py 
‘resented at the 44th Annual Meeting tf the 
HEATING AND VENTILATING ENGINEERS, at the J 
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W. A. H. & A. C. A., New York, N. Y., January, 
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Fig. 2—The test room looking toward the air discharge outlet 


temperature rise will be negligibly small, yet when the 
space is in use the occupants may increase the tempera 
ture and relative humidity to an extent which may feel 
uncomfortable. A chart similar to that shown but speci 
us nimum velocities and air temperature differences 
Mein d, but again one must measure the air velocity 
and temperature at all points in the room and must make 
allowance for the heat gain in that region. In an odd 
shaped room, it is often difficult to determine by inspec- 
However, in a 
return 


te 


tion where the worst places will occur. 


square or rectangular room with outlets and 
grilles on the same wall and without greatly localized 
heat sources other than occupants, experience shows that 
it is usually only necessary to know that sufficient cool- 
ing air will reach the far the The air 
discharged into the room, in finding its way back to 


end of room. 
the return grille, necessarily passes below the entering 
air. The large cross-section available for the return air 
insures that the velocities are low, and the symmetry 
of the rectangular room insures that the cooling air 
will be well distributed. 

Even for this simple room there is no single value 
for the velocity at the rear wall which will satisfy all 
cases. For example, if the rear wall is a large source 
of heat gain, the velocity down it should be considerably 
greater than if it is thoroughly insulated and therefore 
a source of little or no heat gain. Furthermore, the 
proper velocity depends to some extent upon the type of 
occupancy. However, experience indicates that an aver 
age velocity of 30 fpm is about the minimum that can be 


permitted down the back wall. A slightly lower value 


Section 


falling down the back wall will, in the case of n 
outlets which are otherwise satisfactory, rarely ex 
1 F. Accordingly, the maximum permissible velo 
if the room temperature were 80, would be 100 f; 
and if the room temperature would be 
fpm. It is well to keep this particular velocity consi: 
ably on the low side, since air which comes down 
back wall is deflected at the floor and returns along 
floor where the occupant is particularly sensitive 

feeling of discomfort from a low temperature. Acc 


ingly, an arbitrary requirement was made that the a 


were 75, 


age velocity down the back wall should not exce: 
fpm. 

There is one other uncomfortable condition not 
tioned thus far and not covered by Fig. 1. Rega 
of the air temperature, there is some air velocity, « 
if momentary, which is uncomfortable if only beca 
it disturbs papers and other light articles or the o 
pant’s hair. This maximum acceptable velocity is 
lieved to be in the neighborhood of 200 fpm, and 
cordingly one requirement for a satisfactory outlet 
that the maximum air velocity within the zone of oc 
pancy shall not be more than 200 fpm as measu 
which indicates approximately) 


with an instrument 


momentary velocity. 
The Test Room and Instruments 
The room in which the data for this article were ta 


was constructed particularly for air distribution t 


Fig. 2 is a photograph taken within this room, 
Fig. 3 is a diagrammatic plan. It has been part 


described in a paper on grille noise, but the descript 
is repeated here to obviate the necessity of refert 
The building itself is of poured « 


Hat ( 


to the other paper. 
crete, pillar and slab construction, with a 
ceiling covered with built-up composition roofing 
(top ) 


room 1s On the sixth floor of this build 


wide and 9 ft 7 in. high 
metal, outside of 


test 
and is 17 ft 
walls are of sheet 
spaces, heated to maintain room temperature during t 
The ceiling is ™% in. rigid insulatior 


‘| he met! 


which are nar 


with cool air. 
joists about a foot below the concrete slab of the 
erille, extra 


The 
to reduce velocity toa negligible value, is located 
center of wall at the floor. This wall is als 
; in. rigid insulation and forms the front of a pres 
box 5 ft deep and 8 ft wide extending from the to; 
\ir 1s introduced 


concrete. \n exhaust 


floor is 


one 


the exhaust grille to the ceiling. 
this box near the bottom and at velocities greatly redu 
by a diverging nozzle with splitters. The front of 
pressure box is in sections so arranged that a grill 
any size and shape can be installed at any height 


> 











. ote “2 ' 2 e} “oo Peahyy " > rr > < te ‘ f cer 
will be satisfactory if there will be no heat gain from ired. Behind the test grille is mounted a J-It s¢ 
that wall. ‘The Noise Characteristics of Air Supply Outlets, by D. J. Stew 

Tk . . . G. F. Drake (A. S. H. V. E. Journai § 10n, Heating, Piping as 

[he maximum permissible velocity down the back Conditioning, Jan. 1937, pp. 65-70) 
wall is controlled by considerations of the dis 
comfort produced upon occupants of the room “y RADIATORS 
seated near that wall. The proper method r 4 T ‘ movant aa0n wai | T 

’ oe i< awe RETURN GRULE 7 
of determining this maximum ,.,, 4. cowrno: ene meTaL was _ 3 
velocity would be in accordance 1 -neconven d 

° ~ T rr Z 1 * 
with the chart, Fig. 1. The  ‘8,$eqveu1 4 an ; uN 

- ° : SvSTEM . : q a 
temperature difference of the air —t - A THERMOCOUDLES - 5'O" a ct 
* 4 
oe CSS Samet I — ig 
Fig. 3—Diagrammatic plan of MAXIMUM ROOM LENGTH -59'O ! 








test room and pressure box 
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duct having the nominal dimension of the 
<mulate an actual installation. 


ted that the flow of air from the pressure 


Careful tests have indi 
box through 


is duct is satisfactorily uniform over its entire cross 
S ction. 

[he room is heated by a panel system and the room 
temperature 1s maintained constant by a control systen 


1 
} 


verning the temperature of the air behind the panel 


supplemented with a pilot thermostat in the room. Since 
very small temperature differences are important in de 
termining whether or not the particular grille meets 
the velocity and temperature requirements, it is neces 
sary that the room held 
close limits during the period of one test \ ro 


temperature be within very 


mm tem 


rature change of as much as 0.5 F during one set of 


x 


adings necessitates repetition of the test 
[he temperature of the entering air does not need t 
be so accurately controlled. A temperature vat 


apprecia 


ation ot 


much as 1 F during a single test will not 


s 


iffect the readings \ standard proportioning control 
is used in the blast system supplying the an l'requent 
thermocouple temperature readings are taken of returt 
ind entering air temperatures. 

Thermocouples are installed about the room on 5 ft 
centers horizontally and 214 ft centers vertically, as ind 
cated in Fig. 3 \ number of these are also shown 1 
the photograph of lig. 2 

The temperature differences were measured directly 
by the expedient of locating the return junction of th 
thermocouple galvanometer system in the aspirated ai 


The return junction thermocouple location actually used 


for all the readings shown was at the 5 ft level about 1 ft 
S| 


I 
from the wall and directly beneath the air outlet 


The measuring circuit is arranged so that a sensitive 
ralvanometer determines the 


> 


balancing potential neces 


sary for zero current in the thermocouple circuit, and 
potential multiplying system enables the net voltag: 
the two junctions to be read directly This voltage 
measure of the difference in temperature at the tw 
points and the voltmeter can be calibrated directly in de 


grees Fahrenheit 


By this means temperature differences 
vere measured with an accuracy of approximately +0.] 
between readings The absolute value of the differences 


s not as accurately known as this, but the error. if any 


s also in the zero temperature line of Fig. 1 
\ recording thermometer of a type having a current 
t air over the thermostatic element was used to record 


e€ room temperature at a point adjacent to the return 
unction of the thermocouple. Records of room tem 


Meas 
urements of the inlet and exhaust air temperatures were 


perature refer to the readings of this instrument 


ade with thermocouples and a commercial potentiom 


eter having its return junction compensated for the 


ambient temperature. This instrument, as well as the 
fan recorder, has an accuracy of approximately +0.5 F 

The volume of air discharged was measured with a 
Wahlen gage and a carefully calibrated Venturi metet 
located in the duct supplying the pressure box. The 
leakage from the pressure box at various differences in 
pressure between it and the room was obtained by meas 
irement of the flow through the Venturi meter with the 
grille opening closed. A slope gage indicates the static 
pressure in the box and the leakage calculated from this 
pressure was deducted from all Venturi meter readings 
in determining the total volume discharged into the room 
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. 7° 1 ’ ‘ 
tions \t each one of 35 thermocouple locations, the 
1 1 
average and maximum velocities were taken In a 
: | < | , , 
about 125 such velocity readings were made in eacl 
‘ 
test i this purpose a deflecting vane type mete 
was used and the determinations of the average velocities 
] : | fr at , ‘ 
were used to plot immes or equal velocities n the figures 
In addition, Kata-thermometer readings were made at 
certain points in the room. Some of the pertinent de 


tails of these tests are summarized in Tables 1 and 
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Table 1—Performance Characteristics for Air Discharged from an Open Hole tests, the maximum peak velocities varied f1 
(Room Length, 40 ft; Face Velocity, 1000 fpm) 180 to 230 fpm at a distance of 25 to 30 ft « 
and the average velocities were 75 to 140 f; 
S| Doe heals <y ae Ee A > at the same location. These figures are give: 
- Aspec atio 4 a) a«.é » vo : ae . = . 
3 | Brame Area (sq ft) 0.903 «0.847 0.879 0.915 0.920 items 8, 9 and 10 of Tables 1 and 2. These 
rame Area uct Area 956 95 95 ( 92 ‘ “ ° ‘ a 
5 auowty_Vetuass (cfm) 803 S47 879 915 920 ticular hgures do not clearly indicate any et! 
6 oom Temperature, deg F SO 80 79 SI 82 > . r 7 
7 | Supply Temp. Diff., deg F 20 20 19 20 20 dlue to aspect ratio. As pointed out elsewh 
. Max. Peak Velocity, fp: 300 250 250 300 350 the velocities measured with an indicating \ 
9 Ie 1 Location, feet 20 15 20 20 15 ° ° . . 
10 | Ay. Vel name teak, tx | 995 200 200 200 300 meter are useful for the purpose of obtai: 
11 |&] Max. Vel. on CL (Kata), fpn | 130 170 142 245 208 0). jacehtienialh iatiitinkehty ‘aol aun ae 
2 le] Location. feet r+ 20 20 9 20 a general picture of the flow pattern, but 
13 |e Temp. Diff., deg F 2.5 3.3 34 10 —3.4 accurate whe . er ic Very “hay, 
14 || Velocity at (13> (Rata). fpn 10 = 21 ‘s ‘3 not accurate when the stream is very turbul 
15 lal y seme. Ni: F os ri “aS a °s Items 11 to 19 of these tables concern « 
>i elocl y at \2) ata . ipr < Ps Js « 3 , a a 
3 = Vv na R pian eK 100 up a a a 0 fort conditions and may be used in connect 
el. a ear Wall (Kata), Ipn up 60 up ‘0 up 90 up SS up . - Er a 
19 Temp. Diff., deg F. 1.7 10 Os 2.5 09 with standards such as shown in Fig. | 
20 | Distance from Opening, feet 28 25 27 23 2s indicate satisfactory or unsatisfactory perf 
Stream Hits Floor . . °° . . 
21 | Distance from Opening, fest... 25 2 » 27 23 ance. The highest velocities, as determined 
> né 4 e ops t« 5 fpm € ° 
a a the Kata-thermometer, and temperature difi 
% wns ' ences found at the 5 ft level indicate that 
*Vata with defiecting vane type velocity meter dé -2 . . ° ° » 
co Bin, 8 Ser tection satisfactory combinations existed in all of | 
open hole tests. These velocities range f: 
; n 130 to 250 fpm, and the temperature diff 
L Anes of equal velocity were ploited on Figs. 4 to 8, ences from —2.5 F to 1 F. In the grille tests 
using the large number of readings obtained by the de- three with low aspect ratios showed satisfactory | 
flecting vane instrument, which made it possible to trace formance at all distances at the 5 ft level. as jud 
out the major air movements in the room. Naturally, by standards of Fig. 1. The two with hich a ‘ 
there were many miscellaneous movements or turbulences tlie diinendlt Miata aatecll s PS aM: 
‘ ReERA a ratios showed higher velocities, with greater temperat 
that can hardly be recorded or plotted. The averages —~ 
’ ; Tht. differences at locations nearer the supply outlet t! 
were obtained by observing the swing of the indicating ; ‘ ? 
: did the other three grilles. Reference to Fig. | 


hand of the instrument. Since this type of instrument is 
directional, it is necessary to hold it into the direction 
from which the air is coming. This is difficult to do under 
turbulent conditions and the visual averaging of the 
swing of the hand also adds to the difficulty of obtain- 
ing much accuracy in these determinations. Four dif- 
ferent instruments of this type were available and were 
found to check very closely among themselves, and are 
considered to be satisfactory for tracing the air currents 
as plotted on these charts. It should be borne in mind 
that the values shown in Figs. 4 to 8 are directional 


cates unsatisfactory performance for these two. An 
crease in outlet velocity might remedy this unsatis 
factory performance, but without an increased lengt! 
room might result in an excessive velocity down 
rear wall. The maximum Kata-thermometer velocities 
for all grilles range from 55 to 150 fpm, and the te: 
perature differences from —0.7 F to —3 F. 

The air movement in the return air stream flowing 
towards the return grille is indicated in items 14 to 
For the open hole tests, the average velocity at point 


and should not be used in interpreting comfort condi- 1 and 2 on Fig. 3 was 30 fpm, and the average temper 
tions in connection with Fig. 1. The velocities shown ture difference was between —-0.3 aad +04 F. |} 
on Fig. 1 are non-directional as determined by a Kata- the grille test, the corresponding average velocity was 
thermometer. Velocity readings were taken at various 23 fpm at an average temperature difference ne 
points in the room with Kata-thermometers 
as recorded in Tables 1 and 2. The four Kata sty ; : : 
‘ . - Table 2—Performance Characteristics for Air Discharged from a_ Grille 
instruments available gave consistent results. Be : 

(Room Len ith, 40 ft; Face Velocity, 1000 tp) 


The temperature differences obtained in the 





center plane of the room are shown on the 
- . . : 1 Nominal Size ~+} LIxll 16x8 19x7 28x5 
charts on the 5 ft vertical lines in the loca- 2 | Aspect Rati ke 2 17 9 04 yr 12 
; : ; . . . : 3 | Core Area (sq ft ..| 0.677 0.711 0 720 0 723 0 6 
tions in which they were observed. For at @iees Reeder Anos “| 0808 0800 0790 O744 0 
clarity, the velocity determinations are placed St eee eee dee ae ‘80 -_— ose 
on the intermediate vertical lines. The method 7 | Supply Temp. Diff., deg F | 20.5 20 21 21 
used in taking and in plotting velocities and 8 Max. Peak Velocity, fpr | 185 180 180 225 
we ° ° 9 i and Location, feet all 25 ; 3 > 
temperature differences is considered to re- 10 |$] Av. Vel. Same Loc.a, fpm. ‘| 125 75 100 140 
. . - - 11 |=] Max. Vel. on CL (Kata), fpn sa 70 70 55 71 
sult in a good picture of the flow pattern of 12 |=1 Location. feet | 98 0 30 2% 
: : 13 | Temp. Diff., deg F | —0.7 1.5 —1 3 30 
the various openings and the related tempera- 14 |=] Velocity at (1}> (Kata), fpn | "oR 54 90 54 
liff atti 15 }- Temp. Diff., deg F. 0 1.0 0 O05 
ture differences. o ; Velocity at (2)> (Kata), fpn 20 $0 io oa 
™.. 3 4 Ts . - ? > 714 Temp. Diff., deg F 0 +1.0 —0.5 05 
[he items in Tables 1 and 2 are perhaps 18 {>| Vel.at Rear Wall (Katal, fon 120dn. 120dn. 55dn. 50 tur 
self-explanatory, although attention might be 19 | | Temp. Diff., deg F | —2.1 1.6 1.2 1.8 
called to a few of them. For the open hole 20 | Distance from Grille, feet 104 40 37 40 
. *,* Stream Mits Fioor 
tests the maximum peak velocities were found 21 | Distance from Grille, feet. 10 40 35 4 
- c . c | rimary Jet Drops to 150 fpm 
to be from 250 to 350 fpm at a distance 15 Peewee ip any ms 
to 20 ft from the supply outlet. T he average “Data with deflecting vane type velocity meter 
, ity ; ; >See Fig. 3 for location. 
velocity at the same locations was found to ‘Actual stream diffuses before reaching floor. Distance given is where 
be 200 to 300 fpm. In the case of the grille stream edge extended would strike. 
272 Heatinc, Preinc ano Am Conorrionine, Apri, 1°55 
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Fig. 4—Air distribu- 
tion along vertical sec- 






















tion through center of 
room: A (above) for 





11 x 11 open hole; 
and B (below) for 
11 x 11 grille 





OiSTANCE FROM FLOOR-Fr 











-0.1 F. The difference in velocities is about in the 
same proportion as the ratio of average volumes in item 
5 of the two tables. The slight difference in temperature 
differences is probably of no significance. 

In each of the open hole tests, the velocity at the back 
wall is upward and, as far as the standards of Fig. 1 
are concerned, is on the border line of acceptability, but 
actually is not to be tolerated, as the upward flow indi 
cates falling short. For the first two grilles tested, the 
flow is definitely down and the velocity somewhat be 
yond the acceptable limit as indicated in Fig. 1. The 
air stream is therefore reaching the rear wall at too 
high a velocity. The performance probably would bé 
satisfactory in a slightly longer room. For the 40 ft 
room a slightly lower velocity probably would result in 


satisfactory performance. The third grille, 19 x 7, had 


excessive velocities at the 5 ft level 





an acceptable velocity down the rear wal] and, in tact 
is acceptable in every respect in accordance with the 
requirements set forth in this paper he two remain 


ing grilles with high aspect ratios had low velocities 
rl 


at the rear wall hese velocities were rather mixed, 


although apparently more upward than 
hese two grilles, however, as shown in item 11, have 
] 

Items 20 and 21 showing velocities taken with the de 
Hecting vane type meter indicate the length of throw 
of the various air streams. With the open hole, littl 
or no effect is shown on the throw with change in 


aspect ratio. With the grilles, some tendency to a short 
ened throw with high aspect ratio is indicated, although 
this is somewhat obscured by the influence of diffu 


sion In the open hole test, the stream hit the floor at 
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distances from 23 to 28 ft from the supply outlet. Factors Affecting the Distribution of Air 


When the grilles were in place, because of diffusion, 
.he stream could hardly be said to hit the floor at all, 
but a continuation of the lower edge of it for the three 
higher aspect ratios would strike the floor between 37 ft 
and the end of the room. 

The location where the air stream is reduced to an 
average velocity of 150 fpm, as indicated by a deflect- 
ing vane type meter, is shown in item 21 of the tables. 
For the open hole tests, no influence is indicated of the 
effect of the aspect ratio. The air stream reaches the 
rear wall with this velocity in the tests of the low aspect 
ratio grilles. In the grille with the highest aspect ratio 
this velocity was reached at 28 ft out. The average 
distance measured horizontally for the reduction of the 
air stream velocity to 150 fpm was 25 ft for the open 
hole tests and 36 ft for the grille tests. The first two of these are interrelated to a consid 


A quantitative discussion of the proper outlet to 
for even a limited number of representative rooms 
much beyond the scope of this paper, but it is poss! 
to point out in a qualitative manner the effects of so. 
of the significant factors involved. The following st 
ments are made as a result of a large number of exper 
ments of the sort described in this paper, supplemented 
by experience with actual installations. A list of sor 
of the principal variables other than throw (usually t] 
length of the room) follows: 

(1) Height of room; (2) Mounting height of grill 
(3) Volume of air; (4) Temperature of air; (5) Velocit 
of air; (6) Aspect ratio; (7) Side walls; (8) Locati 
of outlet; (9) Beams. 
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able extent For example, in a high room with the ite te proce — 
grille mounted near the ceiling, there will be little « tual ust 
ne difficulty due to cold air dropping into the occ upancy Size o e oI , ’ 
zone, regardless of all other considerations. There ri ume ( ur require rn ( 
mains, however, the problem of making certain that the need to be discusse 


cooling reaches the far end, although the greater mount 
ing height tends to increase the throw. On the other 
hand, for room heights usually encountered (except in 
the throw 1s not materially at 
[If the outlet is close to th 
+] 


rit 


theaters and auditoriums 
fected by the room height. 
ceiling, the lessened friction at the upper side of 
air stream tends to hold the cold air up. However 
the grille has a considerable upward deflection and is 
located adjacent to the ceiling, there will be a tenden 
for the air to rebound from the ceiling and drop int 
the occupancy zone. It is apparent that the proper type 
of grille is much affected by the distance between the 
grille and the ceiling. 

\s might be expected, a large volume of air has mor 
tendency to drop into the occupied zone than a small 
volume of air. The larger volume will have a longer 
throw, all other things being equal. As previously pointed 
out, a room may be unsatisfactory because too much 
cold air drops down into the occupancy zone or because 
it strikes the rear wall and follows that down into the 
occupancy zone. 

\s one would also expect, the greater the differenc: 
in temperature between that of the room and the entet 
ing air, the more tendency there is for the entering ait 
fall into the occupancy zone. 

The effect of the velocity of the entering air is not 
so simple and is, in fact, very complicated with certain 
types of grilles. For an open hole, an increase in ai! 
velocity will cause the point at which the cool air first 
drops into the occupancy zone to move toward thx 
rear wall, but may increase the velocity of this objec 
tionable current without appreciably reducing its tem 
perature, 
the velocity down the rear wall to an excessive figure 
The effect of velocity upon the flow characteristics fron 
any particular grille can only be determined by a rather 


The increased entering velocity may rais 
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suitable for very long throws, and this fact must be 


kept in mind by the designer Narrow rooms necessi 
tate the use of a grille which will not give a wide 
gence and, generally speaking, such a grille will 
duce a relatively long throw \ widely divergent grill 
In a narrow room may result in high velocity down the 
side wall with consequent discomfort to the occupant 


near the wall. For architectural reasons it is often ne 

essary to locate the outlet at or near a corner. and for 
this purpose some sort of outlet must be used whic} 
will direct the air away from the adjacent wall. Beams 


are often encountered If parallel to the direction of 











on a 


air flow, they are not ordinarily disturbing, although this 
is not true if a wide angle grille is necessitated by other 
considerations. If the beams are at right angles to the 
only direction from which it is possible to discharge the 
air, the designer must be sure that the entering air does 
not strike against the beam, for it will be deflected down 
into the occupancy zone. 


Conclusions 


There is a need for an authoritative set of require- 
ments for determining comfortable conditions within a 
cooled space. Criteria are needed to emphasize that com- 
fort air conditioning specifications should include a rela- 
tion between the three factors: room temperature, air 
velocity, and the difference between the room tempera- 


ture and that of the moving air. 

The data published in this paper indicate that 
the conditions tested a plain side wall opening is 
satisfactory. More tests and much experience 
shown it to be unsatisfactory in most types of ri 
Other tests and experience have likewise demonst: 
that nearly all actual installation problems can be s 
by use of some type of grille now available. 
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SECTION I—PURPOSE, SCOPE AND LIMITATION 


HE purpose of this code is to provide a uniform pro- 

cedure and methods for use in establishing the funda- 

mental basis for the design of comfort air conditioning 
installations in the United States and Canada. The require- 
ments herein set forth are intended to serve as minimum de- 
sign requirements, and are not to be construed as limiting 
good practice nor preventing progress in the art of air con- 
ditioning. These requirements are intended to be applied 
only to systems provided with mechanical circulation of the 
air. 


SECTION II—DEFINITIONS AND ABBREVIATIONS 
1. Comfort Air Conditioning, for the purpose of this code 


is defined as the process by which simultaneously the tem- 
perature, moisture content, movement and quality of the air 
in enclosed spaces intended for human occupancy may be 
maintained within required limits. If an installation cannot 
perform all of these functions, it shall be designated by a 
name that describes only the function or functions performed. 
2. Enclosure, for the purpose of this code is defined as 


7 


the space to be served by comfort air conditioning apparatus. 


~AS.HLV.E. approved Code by letter ballot vote, January 25, 1938, 
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L. A. Puivipr C. W. Watton, I]t 
H. J. MAcINTIRE W. E. Zreper 


3. Design Load, for the purpose of this code is defined 
the estimated capacity of the apparatus required to pro 
and maintain specified inside conditions with specified cor 
ditions of temperature and humidity existing outside wh 
the summation of all sources of load that occur coincidental! 
is a maximum. 

4. Effective Temperature as defined in the A.S.H.\ | 
Guide is an arbitrary index of the degree of warmth or 
felt by the human body in response to temperature, humid: 
and movement of the air. 

5. A.S.H.V.E.—American Society or HEATING AND 
LATING ENGINEERS. 

A.S.R.E.—American Society of Refrigerating Engineers 

A.S.A.—American Standards Association. 


SECTION III—DESIGN TEMPERATURES AND 
RELATIVE HUMIDITIES 


1. Design Outside Air Temperature and Relative Humid- 
ity Conditions are construed to mean the dry- and wet-bul! 
temperatures (or relative humidities) specified for design | 
computations. 

2. The design outside dry-bulb temperature in vari 
cities for use in computing the design heating load shal! 


obtained from the latest edition of The A.S.H.V.E. Guide 


Vr 
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The design outside dry- and wet-bulb temperatures i 





wis cities for use in computing the design cooling loa va oht 
he obtained from the latest edition of The A.S.H.V.1 He 
Design Inside Air Temperature and Relative Humidity ter stur ntent 

Conditions are construed to mean the dry- and wet-bulb ten ( 

tures (or relative humidities) specified to be maintained 

te of the enclosure at the time of the occurrence of th« He ext 

gn load te vv © ¢ ‘ t 
Che design inside dry-bulb temperature for the desig ding va é 

iting load shall be assumed at 70 | emitting sources locat t 

ae ae ae ie " 


The design inside relative humidity for the design heat 
a ag crea Per cent with an assumed SECTION V—SOURCE FOR HEAT TRANSFER, IN 
ee FILTRATION AND VENTILATION RATES 


j 
side 


The design inside drv-bulb temperature and relat 
dit 1 the design cooling load, corresponding to t Heat Transfer Rates for Building Construction 
e dr and wet-bulb temperature, Section TITT—para ' , 
shall be based on an etteetive temperature selected t i 
the following table, for occupancies in excess of 40 mit ¢ é te 
‘ ! , , 
sedentarv occupations: between relative t ve ‘ 
ts ot v0 a d 75 ( cent inclusive and t} alt velocit \y ae t 
ts as hereinatter state in Section VI paragraph 2 ‘ 
. | b] ¢ 
Design Outside Design Inside . 
D Bulb 1 \ir Conditi » Heat and Moisture Emitted by Persons 
I »ulID enip 1 onditions ‘ 


Deg | L-tfective Temp : 
alee : enclosurs 
] | S } 


105 ‘ fenam the ate ‘tion 


so = Heat Emission from Appliances 


05 
‘ : c ) 
90 io : 
ait ~<a” ‘ t t 
R5 je 9 
sure sha Y 


SECTION IV—DESIGN LOAD ESTIMATES - hood served t fa 


Design Heating Load. The rate at which heat is a ; , 
1 to be supplied the enclosure shall be the sum of th: nines. of shail th a 
al rates as determined by the following items t. Solar Heat Entering Enclosure 
He transfer through the windows, walls, partitions solar at - } in eter ¢ 
fi s skvlights. ceiling or roof of the enclosure du feom latest 93 ‘The ASH 
t rv-bulb temperature difference assumed to exist . Infiltration Ihe tes at 
the air on the opposite sides of the constriction con slum « Sateen : 
He ‘ ease the drvy-bulb temperature ot the out test edit The AS HVE. ¢ 
! i its contained superheated vapor assume te r is spe t f ' 
er t enclosurt y infiltration or purposely introduces 1) : 
entilation, whichever is the greater, to the inside design rate se ft " 
air temperature 6. Ventilation ( : 
Heat to evaporate the necessary water required at to he sitivel . ‘ 
{ eat the resulting vapor in order to raise the moisture vhen t ce t ‘ ' 
tent of the outside air assumed to enter the enclosure by Its entirely f1 t es t 
Itration r purposely introduced for ventilation, to the in that 10 tt per stat ‘ ‘ ~ c 
le design relative humidity 1 | paragraph 8 
It shall be clearly stated in both the specifications a e assume ‘ ‘ 
posal if heat credit is to be allowed or permitted for an f per state 1 ( 1 
eat emitting source located within the enclosure king is cu i ermitte 
t Design Cooling Load. The rate which heat is assumed Ir ‘ ide 1 ‘ 
extracted from the enclosure to compensate for the s the { ( 
ndividual rates as determined by the following items ssumed ventilation rate 
Heat transfer through the windows, walls, partitions ’. Air Quality or Purity. | t 
floors, skylights, ceiling or roof of the enclosure duc e requirement f air qualit iit 
air dry-bulb temperature difference assumed to exist met if means are provided tor the posit ntr 
the air on the opposite sides of the construct utsicde if mn the mmounts set forth m Section \ : 
idered ' iT < o } or i Der ‘ ? ) ‘ 
8. Sensible heat emission of the occupants within the e1 ticles er 10 microns in diameter fror l air delivers 
re The assumed number of occupants within the e1 the enclosure 
Ec en ene 98 Cengentns oy Ss ove SECTION VI—AIR DISTRIBUTION 
timated during the time when the sum of the remaining 
estimated loads is a maximum. he quantity uir motior nd te erature 
H at emission of electrical, chemical. gas, steam hot treated air nd the met] nd of ntrod ed t ft the 
or other devices, apparatus or lights located within the tioned space shall be designed to limit the v f 
bulb temperature to 3 F or less at a 5 ft level throu 


en ; . 
sur 
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that portion of a given room that is normally frequented by 
The temperature shall not be taken at a point close 
enough to a wall or source of heat to be appreciably affected 
by it. 

2. It is desirable to avoid air velocities exceeding 50 linear 
feet per minute in the zone between the floor and the 5 ft 
level, in spaces normally frequented by persons who are not 
normally moving about. 

Exception may be made in the vicinity of a supply or re- 
turn grille when construction necessity requires the grille 
to be located below the 5 ft level and in a space normally 
frequented by occupants. 

3. It is desirable, for cooling, that the difference between 


persons. 


the temperature of air currents in the space frequented by 
occupants and the average temperature in such space be not 
greater than as shown for the various air current 
Velocity and temperature measurements should 


below 
velocities. 


be made 5 ft above the floor level. 


Temperature Difference 
Deg F Avg. Room Temp. 
Minus Air Current Temp 


Air Current Velocity 
Linear Feet per Minute 





40 and over 
Less than 40 , 3 





4. Requirements for Duct Capacity. It is desirable that 
return ducts shall be of sufficient area to convey 100 per cent 
of the air handled by the fan to permit economical heating 
and cooling prior to occupancy. 

It is desirable, to permit economical operation during mild 
weather, that the outside air duct be of sufficient area to 
convey approximately the total quantity of the air handled 
by the fan and that means be provided for the escape of this 
air quantity. The outside air duct shall in every case be of 
sufficient area to permit the minimum ventilation require- 


ments to be met. 


SECTION VII—APPARATUS RATING 


Fans employed in connection with air conditicning systems 
shall be rated in accordance with the provision of the 
\.S.H.V.E. Standard Test Code for Disc and Propeller Fans, 
Centrifugal Fans and Blowers. Air heaters are to be rated 
in accordance with the provisions of the A.S.H.V.E. Stand- 
ard Code for Testing and Rating Steam Unit Heaters. Unit 
ventilators shall be rated in accordance with the provisions 
of the A.S.H.V.E. Standard Code for Testing and Rating 
Steam Unit Ventilators. Air cleaning devices shall be rated 
in accordance with the provisions of the A.S.H.V.E. Standard 
Code for Testing and Rating Air Cleaning Devices Used in 
General Ventilation Work. Comfort cooling apparatus and 
refrigerating machinery are to be rated in accordance with 
A.S.R.E. Standards, which include Standard Method of Rat- 


ing and Testing Air Conditioning Equipment and Stan 
Method Rating and Testing Mechanical Conde: 
Units. 


of 


SECTION VIII—REQUIREMENTS FOR THE SEL} c. 
TION OF REFRIGERATING EQUIPMENT 


1. City water temperature selected shall not be less 
the maximum values obtained from the latest edition of 
A.S.H.V.E. Guide. 


2. Well water temperature selected shall not be less ; 
the maximum value for the months of July and Augus: 
the locality. 

3. A wet-bulb temperature shall not be assumed less 
the outside design wet-bulb for the rating and selecti 
cooling towers and evaporative condensers. 

4. A dry-bulb temperature shall not be assumed less 
the outside design dry-bulb temperature for the rating 
selection of air cooled condensers 


SECTION IX—NOISE CONTROL 


1. Noise measurements for the enclosure shall be mad 
at a height of 5 ft from the floor. 
5 ft directly in front of any register face or ait 
equipment or directly underneath when the register fac 
air conditioning equipment is located on the ceiling 


All readings shall be 


conditi 


normal noise level at each of these locations shall be ass 
to be the numerical average of five readings. 

2. That portion of the noise resulting from the op: 
of an air conditioning system shall not be more than as st 
in the specifications above the loudness level for the differ 
locations. The enclosure loudness levels during norma 
cupancy, without the air conditioning system in operati 


shall be as stated for average noise levels as given 


latest edition of The A.S.H.V.E. Guide unless otherwis 
specified. 
3. The loudness level above the noise in the enclos 


and the noise produced by the air conditioning systen 
be expressed in decibels based on the 40 decibel res; 
curve and measure with a sound level meter constructed 
cording to A.S.A. Standards 


Meters Z24.3-1936. 


Tentative for Sound 


SECTION X—GUARANTEES AND EXCEPTIONS 


1. Guarantees of performance shall be limited to 
performance and capacities that are described and ca: 
measured, and the guarantees shall state the condition und 
which such capacities or results are to obtain. 

2. Exceptions. If a proposed installation differs fro: 
provisions in this code, the particular in which the desig 
departs from the code shall be stated in both the sp« 
tions and proposal. 





Minneapolis 


The latest revision of the Minneapolis Heating Code 
governs the construction, installation, alteration, mainte- 
nance and repair of all heating and air conditioning plants 
and equipment in all buildings within the city. 

A complete section is included in this code which out- 
lines the minimum requirements for estimating the heat 
required for warming buildings. Also specific recom- 
mendations are given for determining the amount of di- 
rect and indirect steam and hot water radiating surface 
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Heating Code 


to be installed in complete systems. 
requirements standards deal with selection of boilers 
chimney flue areas and pipe sizes for either low pres 
sure steam, vapor and vacuum heating systems. Other 
sections of this code deal primarily with gravity and m 
chanical warm air heating plants, as well as ventilatiot 
requirements for all types of air conditioning installa 
tions. Rules are also given for the installation of oil, gas 
and stoker automatic equipment. 


Other minu 
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Studies on Bacterial Control 
in Air Conditioning 


By T. S. Carswell.* H. K. Nason, and J. D. Fleming (NON-MEMBERS) 


St. Louis. Mo. 


HE efficiency of the air-washer in removing thrown into the air and could ecovered 
micro-organisms from circulating air has long been parts of the building. In some cases st 
of interest to engineers and sanitarians, but the teria present in humidified air were 
literature reporting the results of workers in this field is umidifying wate 
scanty, confused and lacking in conclusive evidence In 1936, Carswell, Doubly) loul 
[he research reported in this paper constitutes an ex washing effected some reduction in the bacteri 
tension of previous studies. In all this work, the aim of circulating air and that th L ge 
has been to consider un air-washing unit as a mac/une benzylphenol, to the water gave a 1K elle eau 
y removal of micro-organisms. No attempt is made to It was also found that when sufficient germicid 
touch upon othe phases of the problem, such as used in the washing water, the latter wa ned 
the eventual eftect upon the bacterial population ot the t practically sterile condition, whereas it 
air-conditioned space, or upon the possible effect upon contaminated when no germicide was 
human health. It is believed that the studies reported ll, of the organisms coming cing 
in this paper clear up most of the confusion regarding [he investigation herewit report 
washing of micro-organisms from air, and present a In an attempt to 
rational picture of the mechanism involved in bacterial 1. Obtain fundament ( ( 
removal by air-washing. iS an apparatus for 
In a previous paper’ Carswell, Doubly and Nason . Investigate more completely the eff 
have reviewed the literature relating to bacterial control aati =e shing waters, al 
air conditioning [his review need not be repeated iS ; 
here except to point out a few particular facts to furnish ae ene . 
he necessary background. While it is frequently as It should caps ipnasized tat (his work was direct 
sumed that water scrubbing of circulating air, as prac solely toward obtaining data on the bacterial etfectiv 
ticed in the average air-washer or humidifier, will elimi ness of air-washing equipment and that no conclusiot 
nate bacteria and molds as well as dusts and pollens, ot medical or hygienic significance « ‘ 
there is actually much evidence to the contrary. interred 
Che Whipples* are apparently the only othe work rs Apparatus and Methods 
record who reported a reduction in the bacterial con 
tent of air after water washing, and their results varied 
ers : ifiree separate air-condivioning systems ere t ed 
widely from 0 to 100 per cent. Larson’, on the other hand wicket cleaiias tem Dutinn a ciate 
in investigating the efficiency of an air-washer in a school : ae , wit] i < - . 1 : ¥ , - ae 2 
building, found that “when using recirculated water the whiel 1 “s sidity ca Mage . rs ‘ n i , 7 rt. mol oe 
washer lied bacteria to the air instead of remoy er Aa aay dager eager) eee sia naps 
—— . 4 tea : washing the air with sprays of chilled wat Phe 
ing them, and even when using new water continuously, 


} 
4 at tems were installed in a pharmaceutica 
did not show any marked efficiency as a bacteria re 


plant, a theater and a general office buildin 





‘ : BS i ] ol \ 
mover. Clark and Gage* showed that the use of ait ’ 
1 s > . . > WeCTe lo ated 1n the city of St OUIS 
washer water polluted with B. coli resulted in an increas« ial 
. , The study covered summer operation only. and while 
the number of these organisms in the humidified air of local atmospheri nditior ried mewhat 
. ey . ‘ . ; OCai ALTDOSPec;ric CONCINONS VaTICd sSomMmewnat, Coonne 
extile mills. Wells® showed that in air-washing sys 1 del 14 Ww J 
tem ; : . : and dehunnaihication were generally eing ettected he 
ems using polluted water, the bacteria of the water were | ‘ al 2 1¢ , ‘ ‘ hort ] 

: acterial and tungal contents of both air and water wer 
"Asst. Director of Devel pment, Monsanto Chemical ¢ studied, and a complet record was kept ot all pertinent 
"Research Chemist, Monsanto Chemical ( ry} ] 1 mec! os lat: | 

‘ant tical physical and mechanical data. 
~" Resear h Chemist, Monsanto Chemical Co. Ce GEE SEEN dla ; 
B terial Control in Air Conditioning, by T. S. Carswell, J. A. Doubly [he micro-organism content of the air was determine 
H. K. Nason (Industrial and Engineering Chen istry, 29, 85, 1937 1 1 . , ; } }, 1 
some Preliminary Studies in Air Washing and Its Results, by G. ( with the aid of an air centrifuge® which has been foun 
- e and M. C. Whipple (American Journal of Public Health, 1138 to give the most accurate results of any method vet de 
este . , er 7 ~ ] ’ ¢ } 
(SitvE ARE, Resizclation, of Washed Air, by G.I. Larson vised. Samples of air were drawn through sterile tub 
py ant ent by Clark and Gage, (Massachusetts Department f irom the alr ducts and passed through tl e instrument 
ealth, 1912). 
Effect of Polluted Water for Pur f Humid by ; 
“ t F o1 urposes of umidification, oe. i. Apparatus r Stud the Bacterial Beha r of A W. FL. We 
Wel " and E. { . Rile y (Massachusetts Department of Health, Annual Re cy ae oy Health ois \ 
“ 34, p. 166) IV Report of Sub-Committee on Bacterial Procedur: n Air Analysis 
; cated at the 44th Annual Meeting of the AMERICAN Soci A Bacteri | Method of Sanitary Air Analysis, by W. F. Wells, E. B 
ft ‘TING AND VENTILATING ENncIneers, New York, N. Y., January 4 elps A. Winslow (American Public Health Association Yea 
‘ took p. 97). 
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Fig. 1 


The micro-organisms present were deposited by centrif- 
ugal force on a layer of culture medium which was sup- 
ported on the walls of a revolving culture tube. Upon 
suitable incubation, a visible colony developed on the me- 
dium at each point where a living micro-organism had 
been deposited. The air velocity through the sampling 
tube was measured continuously by an orifice tube and 
differential manometer. By sampling for definite times, 
the sample volumes could be calculated accurately. Cor 
rections for temperature and pressure were made. 

\ir samples were taken from the main air ducts just 
prior to entering the washing chamber and several feet 
beyond the circulating blower on the effluent side of the 
washer. By comparing the micro-organism content of 
these samples, the effect of washing could be readily 
determined. 
lected from the circulating pump and micro-organism 
contents determined by standard methods.’ 

By using. various culture media and incubation tem- 


Samples of air-washing water were col 


peratures, the micro-organisms were roughly separated 
into the following groups: 

1. Bacteria growing at body temperature (possibly parasitic or 
pathogenic) ; 

2. Bacteria growing below body temperature (probably not 
parasitic or pathogenic but possibly of industrial importance) ; 
and 

3. Fungi. 

Bacteria were determined by incubation on nutrient 
agar at 37 C for 48 hours or at 26 C for 72 hours. Fungi 


7Standard Methods of Water Analysis (American Public Health Asso- 
ciation, 8th Edition, 1936). 
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Bacteria and fungi present in recirculated air, 500 ppm benzylphenol in washing water 


were determined by incubation on Czepek’s agar 
for 72 hours. Some fungi also appeared on th 


OUTIL 


agar cultures at both temperatures and were « 
arately. The general procedure adopted was to rum 
plete tests for a period of one week under norn 
ating conditions with no germicide in the was! 
The same tests were then run the following week 
conditions as nearly identical as possible except 
germicide was maintained in the washing watet 

Any germicide used in air conditioning shou 
highly potent against the micro-organisms invol\ 
corrosive to metal used in the equipment, odorless 
used in effective concentration, non-volatile, non-t 
man and to higher animals, economical and safe 
stable even on prolonged aeration and easily dis 
in water. A commercial mixture of the ortho- a1 
benzyl phenols meets these stringent requireme: 
was used throughout this work. The benzylphet 
dissolved by adding the theoretical equivalent of s 
hydroxide; this was necessary because the free | 
phenol is sparingly soluble in water while the 
sponding sodium salt (phenate) is quite solubl 

A benzylphenol concentration of 500 parts pr 
has been found to be the optimum for insuring st 
tion of the water and this concentration was maint 
throughout the test period by addition as need 
stock solution of the chemical. Additional tests 
shown that the use of higher concentrations, up to 
ppm, gave no further reduction in bacterial cont 


either air or water. The amount necessary 
determined periodically by chemical analysis, 
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rapid volumetric method, and additions regulated a 
rdingly. By this method, the desired concentration 
could be closely controlled. Sodium hydroxide solution 
was also added as needed, to maintain a phenolphthalein 
alkalinity of about 20 parts per million (expressed as 
CaCO,), thus insuring against precipitation of the germi 
cide by CO, from the air. The alkali also guarded 
against corrosion by regulation of pH (hydrogen-ion 
concentration) and hence was of additional value 
lhe water was changed and the washer cleaned thor 
sughly before each series of tests Complete records of 
temperatures, air velocities and other physical factors 
were kept for each set of tests. 


Table 1—Average 37 C Bacterial and Fungal Relationships 
(Nutrient Agar) 


INSTALLATION 


MICRO-BIOLOGICAL Dat + ar 
OFFICE THEATER | CEUTICAI 
BUILDING ie porn 
tees sae vet. ae Be ; 100 1203 +400 
Bacteria per water 100 pp enzvl- 
oe tins 12 12.7 
Organisms per 100 ft air to washer 260 ‘75 — 
S | Organisn pe 100 
= | washer P 12 _ 
Reductior rgani per 100 
washed uf | 215 ma) 82 
> | Per cent reductior en 3 — ~# 





i SS ss 1! 
' 
76 s] 10. 
- I 100 t 
-F) washed air 312 MH 10S 
“* @ | Per cent reductior s0 6 4.9 781 
Improvement in pe ent lue 
se germicide 0 11.2 ) 


Table 2—Average 26 C Fungal Relationships (Czepek’s Medium) 


INSTALLATION 


MICRO-BIOLOGICAL DATA PHARMA 
OFrrict THEATER CEUTICAI 
BUILDING PLAN! 
Fungi per 100 ft airt washer SAS 1771 142 
] 
sil gi per 100 " So 146 “4 
= | Re tior rga 100 
ashed ai SOO 162 7s 
| 
Six , ed oO 8 87 0 7.3 
} gi per 100 « : 4 ‘ 405 2079 103 
a I gi per 100 washe 49 101 | ! 
- | 
be 10n rgani 1K | 
= washed air 146 1978 252 
a | Pe - ; 90 7 95.0 83.9 
} 
t € pe | et | 
Re cide 0.1 8.0 26 6 


Table 3—Average 26 C Bacterial and Fungal Relationships 
(Nutrient Agar) 


INSTALLATION 


MICRO-BIOLOGICAL Data PHARMA 
OFFict THEATER | CEUTICAI 
BUILDING PLAN! 
Organisms per 100 ft air to washer 1295 2783 936 
rga p 100 i | 
washer 176 Wl J42 
Re tior rgani x 100 
washed ai | 4119 | 2222 | 594 
Per cent red i 85.7 | 80.0 | 65 6 
Organisms per 100 cu ft air to washer. | 876 | 3323 712 
Organisms per 100 cu ft air from] 
- washer | 159 330 167 
. Reducti orgams pe 100 cu ft| | 
— washed air 717 | 2996 45 
| | 
Per cent reduction 80.8 | 90.0 | 744 
vement in per cent reduction due to | 
f germicide 49 10.0 8.5 
' 
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Results Obtained 


In all, 526 separate determinations of the muc! 


ganism content of air and 84 determinations of wate! 
pollution were made The data obtained are so extensiv: 
that they can only be summarized in this pape 

The results obtained when air was washed with water 
containing germicide are given in Fig. | This phot 
graph shows centrifuge-culture tubes for one set of tests 
upon the air to and from the washer, which in this case 
was that installed in the theate1 Che first tube from the 
lett should be compared with the fourth, the second wit 
the fiitth, the third with the sixth, to show the relative 
microbial content of the air samples before and after 
washing. The efficient removal of organisms by the ai 
washer is apparent. 

lables 1, 2 and 3 summarize the micro-biological data 
developed in these tests. The specific determinations 
each test period have been averaged to simplity con 
parison. 

These tables represent data which have been highly 
condensed from a large number of observations ible 1 
averages both bacterial and fungal relationships as d 
termined by incubation at 37 C on nutrient 


2 averages fungal relationships only as determined by 


incubation at 26 C on Czepek’s agar Any bacterial 
growth shown by the latter plates was disregarded; nn 
fact, only a few bacterial colonies were present, as most 
bacteria cannot utilize this medium lable 3 averages 
both bacterial and fungal colonies incubated at 26 C on 
nutrient agar. An analysis of fungus and bacterial counts 
in the case of both Tables 1 and 3 showed that tl per 
cent reduction was approximately the same for eithe1 
type ot growth, and close ly equal to the av rage figul 


presented in the table for the combined organisn 


\ more detailed study of the individual data disclosed 


the fact that the bacterial efficiency of a washer was 
nearly constant during the test periods when germicide 


was used. In the periods when no germicide was used, 


the efficiency was initially high and was nearly that main 


tained when germicide was used, but declined steadily 
and rapidly as the test progressed. The decrease in effi 


ciency was much more marked in those cases where the 
bacterial pollution of the wash water increased markedly 
In one case, when the wash water never became highly 
polluted, no marked decrease in bacterial efficiency of 


. . 
Figs. 2 and 3 show t 


the washer could be noticed 
effect clearly. 

The effect of germicide in the washing water is to 
render the water sterile and when germicide is used, the 
bacterial efficiency of the air-washer tends to remain 
nearly constant. In general, the use of germicide, whil 
maintaining base efficiency does not increase the effi 
ciency beyond that obtained with naturally sterile water 
In other words, the germicide acts on the micro-organ 
isms only in the water phase. This is logical when it is 
considered that air particles are in contact with the 
germicidal sprays for a fraction of a second only,—too 
When the organ 


isms are taken into the water phase, however, they may 


short a time for the germicide to kill 


remain in contact with the germicide for several min 
utes and thus be readily destroyed by the chemical 

The efficiency of the washer will thus be limited onl) 
by failure of the organisms to be mechanically taken into 
the water phase, either because the sprays do not com 
pletely cover the cross-sectional area of the washing 
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Fig. 2—Pharmaceutical plant. Relation between bacterial 
pollution of washing water and bacterial efficiency of air 
washer (48 hours incubation at 37 C) 
chamber, or because part of the air may pass through 
the sprays without being wetted. 

The available evidence also confirms the conclusions 
of other workers that when highly polluted water is used 
bacteria may be furnished to the air rather than re 
moved from it. This is shown in Fig. 2 by the negative 
value for per cent reduction in bacterial content. 

That a direct relationship between degree of micro- 
biological pollution of the washing water and the effi 
ciency of the air-washer with respect to removal of 
micro-organisms does exist is clearly demonstrated by 
Fig. 4, in which data from all three systems studied are 
plotted. It will be noted that the increase in bacterial 
efficiency of the washer when the water was sterilized 
with germicide varies directly with the degree of con 
tamination of the water before sterilization. 
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Fig. 3—Office building. Relation between bacterial pollu- 
tion of washing water and bacterial efficiency of air washer 
(48 hours incubation at 37 C) 
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Conclusions 


Based on the experimental data obtained, a rati 
picture of the air washing process may be drawn. 
conclusions are as follows: 

1. When operated on sterile water, an air-washer posses 
certain base efficiency in removing micro-organisms fr 
air. This efficiency is apparently constant for the particula 
tem (under uniform operating conditions) and is proba 
function of the design of the equipment. 

2. There is a direct relationship between the degree 
bial contamination of the air-washing water and the efficis 
the air-washer as an apparatus for removing micro-org 
from the air. 

3. As the degree of pollution of the washing water incr 
the microbial efficiency of the air-washer decreases, and 
pollution becomes sufficiently heavy, the washer efficien: 
comes negative. That is, it actually furnishes organisms 
air rather than removing them from it 

4. The addition of sufficient germicide to the washing 


to render it sterile insures continuous operation at base eff 
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Fig. 4—Relation between bacterial pollution of air-washing 

water and improvement in bacterial efficiency of air washer 

sterilization of water with germicide (48 
hours incubation at 37 C) 


obtained by 


The use of germicide concentrations higher than those require 
maintain sterility in the washer water does not increase thx 
ciency of the air-washer with respect to microbial reductior 

5. Bacteria and fungi are affected similarly by the w 
process, 

6. An air-washer operated on sterile water is an efficient 
ratus for bacterial control of air, and the use of a suitable g¢ 
cide is a convenient way to insure sterility of the washing 
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Cooling ‘Tower Equipment and Its 


Relation to Water Conservation 


By S. L. Rottmayer*® (MEMBER). Chicago. Ul. 


1 


HE increasing number of cooling-for-comfort 

stallations presents very definite problems to muni 

cipalities, especially in metropolitan areas, concern 
condenser water supply and disposal. So great has 
this problem become in certain cities that legislation has 
been enacted to limit the use of city water for condensers 
It follows that water-conserving equipment must be ce 
veloped for cooling-for-comfort purposes. Such equip 
ment includes means for transferring the heat removed 
from buildings directly to the outside ait using water as 
the heat-carrying medium 


This paper will deal with a discussion of cooling towers 





Fig. 1—An atmospheric cooling tower 
frame; louvers and collecting basin 
are made of steel 


for air conditioning refrigeration, their characteristics 
and their relation to water conservation, particularly in 
the Chicago central business district. 

Refrigerating apparatus used in cooling-for-comfort 
installations performs the function of a heat pump in 
extracting heat from air at a low temperature level and 
in discharging it at a higher temperature level. Various 
relrigerants may be employed by the pump for convey 
ing the heat. In the last stage of the transfer, water com 
monly is used. Where water costs are low, the easiest 
course has been to discharge this heat-laden water in the 
sewer. Water cooling towers are devices in which an 
intimate contact of water with atmospheric air is 
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Water cooling towers may be classified as: 


1. The atmospheric type which depends on wind motion for 
operation. 

2. The natural draft type, which employs stack or thermal 
action for producing air movement through the tower. 

3. The mechanical draft type, which employs forced or in- 
duced draft fans for creating air movement through the 
tower. The humidifying air washer is a modification of 
an induced draft cooling tower. 

4. The evaporative condenser, which is a combination of a 
refrigerating condenser and a mechanical draft cooling 
tower. 

Equipment Characteristics 


The atmospheric tower, called also open natural draft, 
deck type or wind tower and illustrated in Figs. 1 and 2, 
is the most common type of tower installed for general 
refrigerating purposes, considering the number and ton 
nage of installations. It is constructed of wood or steel 
framing, adequately braced for wind stress, supporting a 
filling consisting of a series of horizontal decks or splash 
bars equally spaced from top to bottom. A system of 


small louvers or large inclined shields at each deck level 





Fig. 3 


Atniospheric spray tower 


is supported by the outside of the 


framing. The water 
enters at the top through troughs, splash heads or spray 
nozzles and descends from deck to deck to reach a basin 
at the foot of the tower. The function of the louvers or 
inclined shields is to prevent loss of water on the leeward 
side by deflecting the air upward, retaining the water 
particles blown against them. Vertical, staggered elimi 
nators between the side shields also have been used to 
reduce further the windage losses or drift of the water. 

Increasing the height and length of a tower increases 
the area of water exposed to air, and increased width in 
creases the length of time of contact of the air with the 
water. 

Since this type of tower depends for operation on nat 
ural air movement, it must not be located near obstruc- 
tions which reduce wind contact and its long side must 
be at right angles to the prevailing winds. It should be 
designed to operate at capacity with a wind velocity of 
not more than 5 mph and with a wet-bulb temperature 
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which is not exceeded during more than 5 to 8 pe 
of the season. 

Atmospheric spray towers shown in Figs. 3 and 
a modification of this type of tower in that the fillir 
decks are omitted and water is sprayed downward 
pressure from nozzles. 

Atmospheric towers have advantages of low ope: 
costs and low first cost. 
size, great area and weight, as well as depende: 


Disadvantages are the 
variable natural air movement. Spray towers req 
higher pumping head and generally are lower 
cost than purely atmospheric towers. 

The efficiency of an atmospheric cooling towe: 
vary with its design and loading usually between 
of 35 and 90 per cent. The usual atmospheric dec! 
tower has an efficiency of about 67 per cent cor 
with about 50 per cent for an atmospheric spray 1 

The natural draft tower has an air-tight shell en 
the filler section with air inlets at its base and w 
top extending as a chimney above the filler for a cor 
able distance. An upward flow of air from the 
through the filler is produced by the difference in 
of air on the inside and outside of the tower, this 
responding to temperature; hence its use is cor 
largely to application having high entering wate: 
peratures and long cooling ranges. Its performance: 
greatly affected by wind velocity. 

\ mechanical draft cooling tower differs from t! 
ural draft type in that the chimney above the en 
shell is shorter and air is circulated upward by 
of fans located either at the bottom or at the top 
water may fall downward trickling over a wood <¢ 
work filler or may be sprayed downward inside th 
without any filler. A set of eliminator plates acros 
removing ent! 


| of 


top 
‘ I i 
moisture from the departing air. 


the tower is provided for 


\ forced draft tower has fans located at the bas« 
tower as illustrated in Figs. 5, 6 and 7,where they cai 
ily be inspected and serviced. Horizontal vanes may 
stalled inside the tower to deflect the incoming ait 
An induced draft tower, as 


cated in Fig. 8, has fans located 


across the tower area. 
above the eln 
plates at the high point of the tower. The fans 1 
tower are subjected to the deteriorating effect 


1 


moist air. This tower can be lower in height 


forced draft stvle for the same cooling results 
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Fig. 4—An atmospheric spray tower of all steel const: 
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nce the air flow is counter to the water flow, th 
efficiency of heat transfer of the mechanical draft tower 
gh. ‘Air velocities over the gross area of the mechan 
draft tower generally vary with the design of the 
tower between limits of 250 and 600 fpm. 

echanical cooling towers may be located within build 
ings or may be exposed outside. In many instances they 


placed outside as represented in Fig. 9, and are con 


art 
cealed by pleasing architectural treatment When it 
stalled within buildings, mechanical cooling towers may 
serve as exhaust fans for the ventilating system and may 


take all or part of the air from inside the building. This 
air may be cooler and more favorable for service that 
the outside air. 

\n ordinary double spray humidifying air washer may 
he used within a building as a water cooler where con 
siderable area but little head room is available. The hig! 
efficiency of counter-flow heat transfer by the vertica 
mechanical draft tower is not present in this type ol 
ipparatus , hence a greater quantity of air must be han 
lled for the same duty 

Disk or propeller type fans generally are used for pro 
lucing air circulation in mechanical water towers locate: 
outside of buildings. Increasing the number of blades 


these fans decreases the noise produced. Where pai 
ticularly quiet operation is essential, housed centrifugal 
ultiblade blowers usually are employed 
Advantages of mechanical draft towers over atmos 
heric towers are independence of natural wind move 
ment, smaller area and weight. Disadvantages are highet 


investment, maintenance and operating costs 


The efficiency ot a mechanical dratt cooln | C1 
ges between 35 and YO pel ent, depe 1 t< 
lesign and loading he usual design has an efficien 


Oy pe! cent. 
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rate increases measurably. Much more water is also 
evaporated per unit of refrigeration, and in addition ad- 
vantage is taken of the latent heat. 

Evaporative condensers usually have been made in 
comparatively small factory-assembled types, but no par- 
ticular size-limit needs to exist. They are used with 
ammonia and the fluorine group of refrigerants having a 
condensing temperature not warmer than about 100 F. 


Make-Up Water Requirements 


The quantity of make-up water required by each type 
of air-contacting equipment is equal to that lost by wind 
or drift plus that evaporated. The loss in pounds of 
water through evaporation is equivalent to the quantity 
of heat to be dissipated, divided by the latent heat of 
vaporization at the temperature of evaporation, usually 
slightly above the wet-bulb temperature. 

The heat removed per minute in a refrigeration sys 
tem is 200 Btu per minute per ton plus additions due to 
leakage, friction, etc. and plus variable additions on ac 
count of the ratio of compression, character of the re 
frigerant, ete. 

In the illustrative examples, conditions such as exist 
in the locality of Chicago will be assumed. 


i. Design wet-bulb temperature—75 F. 

2. Heat dissipation per ton mechanical compression dichloro- 
difluoromethane refrigerating system—250 Btu per min- 
ute, 

Heat dissipation per ton, steam jet refrigerating system 
737 Btu per minute 
+. Maximum design city 


water temperature—76 F 


lhe water loss due to evaporation, being a function of 


the heat dissipation may be expressed as: 





Fig. 7 


abov e 


draft cooling tower installed 


hotel guest rooms 


A forced 
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Btu per ton heat diss 
Gallons per ton evaporative loss — ——-———-——— 

8.33 x latent heat 

porization at temperat 

evaporation. 
The temperature of evaporation may be taken a 
above the wet-bulb temperature. 
For the compression system of refrigeration, the 


orative loss will be: 


250 
- - 0.0275 gpm per ton 
8.33 & 1094.3 
and for the steam jet system: 
737 
0.08 gpm per ton 
8.33 X 1094.3 


For a dichlorodifluoromethane mechanical c 
sion refrigerating system, with a wet-bulb tempx 
of 75 F, condenser water temperature range, 85 
95 F, the water circulated per ton will be 3 gy 
cooling range of 7.5 to 10 F is usual with 75 F wet 
The drift loss then is 1 per cent of 3 gpm or 0.03 
On the basis of 80 F design wet-bulb and a 


tower of 67 per cent efficiency, then the water 
tion required for the steam jet system is 
8.85 gpm per tor 
8.33 (95 85) 
The drift loss then will be 0.0885 gpm pet 


losses per ton 


The total evaporation and drift 


frigeration, for the conditions stated, are = gi) 


Table 1 





An indoor induced draft cooling 
tower 


Fig. 8 


Ordinarily it is considered that in atmospheri 
ing about 1 gal of water per 1000 gal of water 


lated per degree of cooling range is lost by evapo! 


and 1 gal of water per 100 gal of water circulated 


Table 1—Evaporation and Drift Loss 
: ; ia - 


EVAPORATIVE Drirt Loss rot 


REFRIGERATING System | Loss,Gpm Per | Gpm Per GPM 
Ton | Ton | 
Dichlorodifluoromethane 
Compressior 0.0275 0.0300 0 
Steam Jet 0.0800 0.0885 0 


| 
' 


Heatinc, Preinc anp Air Conprrioninc, Apkt 


193 





I 


¢ 
« 








1x 

ter slyt ' +} ‘ . 

cren l ites I stcan 
1 ' 
combinatior eve thougt ‘ eat 

' ; , ls 
bvoOu ret rit S mu MnInyY 
vale ipacit 1 | ~ oes a ai 
ct hnpDress SVSTE f TteT type W 

»c . + ] ] } 
iS £) per cen ( l tua nh WwW 
, 1] y , ] 

ul ours, usually requires ¢ 

1 

] ‘ ‘ 
tull power input. With the steam jet 

“9 : , 
reany increases as the loa S iu 
eTs are Dover 

Where vate ‘ 1 t ‘ er 1 
, . et et cr ¢ ty 1 ] 
the towe I a Vi l n ( tu 

, , ‘ 
nat I nari cys | < . Ti 

iL i I I 
ea\ le ‘ ‘ ( 

. 
4 4 ~ ‘ rie” i al \\ t 
eTy if ( ( ¢ Tl? 

( 2 ’ ‘ ‘ ' r Si ‘ cre 
ca ( \\ r ft \ 5S ¢ eT » 
ngety climate I te 
( ( 5 Aes eC ™ 
, , 

i) ( citi et ( 
¢ ( nae! ( ( ( ( 
Fig. 9—Induced draft mechanical cooling towers con- ‘ ' Qs 
“ ( ( ‘ COM! WeT } ay 
cealed with architectural treatment 

In entral busine ” ( 

} 1 i> 

e N and Wes ry Tt , INI 

] 1 Lowe I Street wna ! ( . 
{ | us f hit Wille ( vat enters 
ve) " ' " ere V¢ ‘ 16.3 2 TO! { TY ‘ 
oling tow? it SS and departs at SO F and whicl 5 e 
' : 
= noitry ' rT Re ' het ' 
Q <1) ond l M ctobe | 
- ‘ 1 57 tal th ~ ( Ty?! 1 f i» 
es 500 of t Ss " + OF DY . & 
L000 it ( ( ng TOW?E ( Li] ( ( 
500) ! ty wate ndensing a 
’ , v <«lrvit a tot ite to the sews (yt , t9 
LOO ton nian? ' net , 1O?z S 
) ory rye YW) ' { ns ‘ 
ii CILV Wal Ss t ( st fOr ondensmng | poses vate ly 1}93/ orces ‘ wOolIne 
[ € warmed water wasting to the scwel the wate! ° ille« hot thece 1 ' + ws 
17 , 1 ] 
Su ption yx tT 0 ‘ weration will he saree ‘ ") Me , the 1s 
\1 e714 1 + 
‘ Oo ) ssion retri ratins S| ‘ oy 
MICal ipre ‘ eTaunge syst ; » t quipme ( ise of inabili 
0 | 
, ( naens eT | 1 ( 
6 ' P 
gp [x t 
& ) ( 1O and 10) to cap ; , ; 
~ r fesaras ; a 
. et retrigerating svs if evaporative condensers 19. 
' 
seats ton plant, was install n 193/ w i 
:. on pe | 
g i 76) i” towel pete ( ‘ pressti 
Saving in water consumption if a cooling tower! vhic as hee 11 eTVICE ee Ve 
wld he 117 
Uult Ser ] ++ ly ; 
| be used then will be draft cooling towe 
(W 7 0.0575) mt 
Lhe lar ties I ppiyin iter te 
uF ” ‘ F tie mpress ‘ systen ~ 
Ro ESS strict are a equate t Serve all ¢ 
ar The next 1O years Lhe cost ot wi 
| ] 
( . _— i\OUOU cu it, 1s lowest of any ci in whi 
We. 4.t 0.1685 
O88 ner ent tor the stean et svsten cllye miormation Phe Sew ¢ aciiities 
165 


\ value of 90 to 95 per cent generally is taken as the 


’ 


eam jet refrigeration is especially favorable when 
ooling tower water is available. As the load varies. 
Ing changes in the outdoor condition. the com 


Pression ratio between the condenser and the evaporator 
an be reduced, directly reducing the steam consump Forced Draft Cooling Tows 4 
on and the demand upon the cooling tower. This wide 
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ater conservation effected by the use of cooling tower Table 2—Tabulation of Comparative Costs per Ton 
equipment Refrigeration 
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district, however, are hopelessly inadequate and there 
are no prospects for their improvement. This situation, 
therefore, of itself requires that any air conditioning re 
frigerating plant, if it shall be capable of operating when- 
ever required, shall have its own water cooling tower 
equipment for dissipating the extracted heat to the at- 
mosphere rather than to the sewer. 

The data in Table 2 represent approximate relations 
per ton of refrigeration for comparative purposes. Exact 
costs, of course, will depend on the size and specific con- 
ditions of the job. Assumptions made for these illustra- 
tions in addition to those in the foregoing examples, were : 
dichlorodifluo&romethane compression refrigerating sys 
tem, all metal construction of cooling towers, 2.5 cents 


per kilowatthour electricity cost; 51 cents per 1000 

city water cost; 1200 hours operation per season, 11 
est and depreciation computed at 10 per cent for ow: 
cost. 


Independent analyses have shown that with p. 





Ultraviolet Lamp 


Advantages resulting from sterilized air in hospital 
operating rooms with the use of the ultraviolet lamp were 
presented in a paper delivered at a meeting of the Amer- 
ican Institute of the City of New York on March 7, 1938, 
by Dr. Deryl K. Hart, surgeon-in-chief of Duke Hospital, 
Durham, N. C. 

In the early days of the hospital, despite every pre 
caution, an occasional wound infection occurred. After 
much preliminary work and attempting to eliminate these 
infections, it was found that the Staphylococcus aureus, 
which caused over 90 per cent of the infections, was regu- 
larly present in the air. 

It was demonstrated that the outside air was practic- 
ally free of pathogenic bacteria; that the air after being 
washed and filtered was free of all organisms, but that 
the air leaving the operating room was highly contam- 
inated. After painting and scrubbing the operating 
rooms to get them free of organisms, it was determined 
that they were rapidly recontaminated by the entrance 
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equipment costs and water costs for a load under 60 
tons, the cost for the city water-using plant is slig 
less than that using cooling tower equipment, at 
loads above 600 tons there is a slight advantage t 
ing and operating cooling tower equipment. An inc: 
in water rates, which might occur should a city filtra 
plant be installed, and a decrease in cost of cooling 1 
equipment after its wider usage and development, 
easily change the economic balance. 

in the Hospital 

of human beings. 

Turning to radiation of known bactericidal propert 
in an attempt to sterilize the air, it was shown that 
ous types of bacteria could be killed within a very 
period of time at a distance of 5 ft from the sour 
radiation. It was then shown that the bacterial cont 
of the air at the operative site could then be reduc 
a very low level by this radiation. 

Petri dishes of blood agar were sprayed with \ 
organisms and exposed to the radiation of the intensit 
used for operating, and it was found that these could 
killed at the operative site within from 1 to 3 n 
exposure. Some of the fungi were more resistant 
most of these were killed within from 5 to 20 min ex 
posure. Various hospitals throughout the count: 
operated by exposing plates in their operating 
with similar results. These studies also showed that au 
conditioned operating rooms had a much lower bacteria! 
content than non-air conditioned rooms. 
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Qdor Control in Animal Laboratories 


By F. H. Munkelt* (ME 


SERIES of tests was made recently in an animal 


lo! ti purpose of ( 


laboratory 


efiect of various an 


intensity to a satisfactory level lhe tests were 
le with various proportions of outside and reci 
ited au xcept in one of the tests, all of the 
ulated air was passed through adsorbers of activate 

ut shell ca bot hie data secured were to 

mm connection with the design ot a modern anu 

itor, 


Description of Test Laboratory 

\ room used for storing and breeding rats and guinea 
vas selected and partitioned to form a room 19 

Y in. wide by 25 tt 2 in. long by 9 ft 6 in. high, with 


oss content of 4722 cu ft The floor and one outside 


wall were concrete, while two of the walls were old 
den partitions he fourth wall, or new partition 
was of composition board. The ceiling was the woode1 


floor and exposed beams of the second story 


The animal contents ot the room consisted of the fol 
wing : 
500 adult rats, average weight 275 grams each 
600 young rats, average weight i0 grams eacl 
18 guinea pigs, average we iwht 325 grams ea 
Total Weight 390 Ib 


he animals were caged in standard rows and tiers 


they were bedded in shavings: in others, 
hey walked on wire mesh under which were removabl 


some cages 


()dors from other sources 


/ 


for cleaning purposes 


in from the animals were negligible, as there were 
never more than two observers present in the room lt 
s possible, however, that the two, old, wooden parti 


ms and the ceiling, which had been in place for a long 
period, absorbed and regenerated animal odors to some 
xtent. This condition would not apply to a modern 


om taced with glazed tile or glazed brick 


Arrangement of Test Equipment 


(he apparatus was arranged as illustrated in Fig. 1 
\ is rated at 1000 cfm and is the standard 


type of vertical adsorber commonly applied to air con 


| he ads rhe 


ming and ventilating systems. \ir was admitted 
irom the room to the top of the adsorber casing, was 
passed through a dust filter, and then through odor ad 
sorbers to the fan \ 6 in. outside air duct B, with 
measuring tube F, was led to the adsorber casing below 


the odor adsorbers to permit mixing of outside air with 


vhich had been passed through the odor adsorbers 
\ belt driven fan D distributed the mixture uniformls 
€ opposite side of the room through a simple duct 


system C with seven openings G, each 7.5 in. in diam 


Pres., Consolidated Air Conditioning Div., W. B. Connor Engrg 


Hearine. 
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quantities in reducing the 
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Plan of experimental room 


( icin s 1) 

ewed vertically tl é 
\ ( tur! was ount ( i ising as pre 
VIOUSIN scribe leac canst \ ? LHe 
\ LOS I ol I nsiste ( Cl \ I 
( | ( ( ( ( it¢ sie ] ( t 0 
pace between the i be I vTa lla u hel 
Clivat carbo Uh st n LSSE¢ ug he 
errorates plates il ( activated irbor i el 

wnware ough the manitold plate Lhe quantit 
i SSt hrough ea caniste Vari n he eveta 
tests tron 16.25 cim to 23.1 cin l 1 tie cs ance 

0.07 i 0.13 in. water gage 

Variations i quantities were obtained setting 
umpers on the scharge duct and the itside a 
duct a Vy pulley nves on the tar be ( iss 
bling the idsarber ind the measurin tubes were care 
fully calibrated so tl at the air quan ties cou a Car 
on dratt gages 

he odor was typical of that generally found 
mal houses, monkey houses, zoos, etc. and consisted of 
a mixture of organic acids and other compounds arising 
om the metabolisms of the animals and given off by 
the excreta \mmonia, arising principally from the de 
composition of the excreta, Was also present but if 
could not be detected ( isily by the sense tf smel het 
ther animal odors were present 

Test Procedure 

Five odor levels were chosen for recording the results, 

namely. a sfrongd, strong moderati definite and 


threshold, Observations were taken before the start of 
each test and at 30-min intervals until a constant odor 
used 


level was reached. Two or three observers were 
in each test The observers entered the room trom out 


doors and recorded their observations separately 
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Table 1—Odor Control Factors for Various Tests 





| | | | | 
|7—15-37| 7-15-37 |7-16-37| 7-19-37) 7-24-37 
| — 











FACTORS | | | 
| Test 1 Test 2 Test 3| Test 4 Test 5 
Room air recirculated through 
carbon, cfm | 800 | 650 500 900 925 
Air admitted from outside, cfm | 210 | 150 80 230 230 
Total clean air circulated, cf: 1,010 S800 | 580 | 1,130 | 1,155 
Room volume net, cu ft | 4,700 4,700 4,700 4,700 +,700 
Dilution rate, air changes per hour 12.9} 10.2] 74/1 14.4 14.7 
Room air through bypass,4 cin | | | 170 | 
Total fan delivery, cfm } 1,010 | 800 | 750 1,130 1,155 
] 
*Door on fan suction to admit room air 


The curves showing the odor intensity, on Figs. 2 to 6 
inclusive, are the average of the observations. Separate 
observations were made at the outlets G (Fig. 1) and 
a separate curve recorded. The odor control factors for 
each of the tests are recorded in Table 1. 

In Tests 1, 2, 4 and 5, the outside air admitted was 
approximately 20 per cent of the total air circulated. 
Test 4 and Test 5 do not differ materially in the air 
quantities chosen. However, Test 4 was completed just 
before a regular cleaning of the laboratory was begun 
and, accordingly, it was decided to run another test, 
No. 5, at a time when the laboratory was relatively clean. 
The cleaning dates were July 5th and July 19th. Test 
> was made on the morning of July 24th, less than five 
days after the laboratory had been thoroughly cleaned. 

In the case of Test 3, a total air circulation of 750 cfm 
was used although only 580 cfm of this amount was 
either outside air or passed through the odor adsorbers. 
Test 2, with smaller air quantities than Test 1, had 
shown a less favorable odor level than Test 1. In Test 
3, the air quantities were still further reduced and the 
results confirmed the trend in Test 2. 

In Test 1, Fig. 2, 800 cfm were recirculated and 


210 cfm were drawn from outside air, resulting in a 
total of 1010 cfm, or 12.8 air changes per hour. The 


curve shows a diminishing animal odor intensity at each 
successive 30-min period until it reached a satisfactory 
level, slightly over threshold and well under definite at 
the end of 120 min. 

Test 2, Fig. 3, was conducted in the afternoon of the 
same day as Test 1 and was begun one hour after the 
completion of Test 1. The air quantities were reduced 
to 650 cfm of recirculation and 150 cfm of outside air, 
with a total of 800 cfm, or 10.2 air changes per hour. 
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Fig. 2—Odor observations for Test 1 started at 9:20 a. m. 
on July 15, 1937 
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Fig. 3—Odor observations for Test 2 started at 1:30 p. 1 


on July 15, 1937 
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TIME /NTIUINUTES AF TER START OF FEST 


Fig. 4—Odor observations for Test 3 started at 10:00 a. m 
on July 16, 1937 


It should be noted that the odor level had increas 
the one hour period between tests to strong and 
after the test was begun, the odor level was foun 
be reduced each 30 min until, at the end of 150 mi 
was approximately level at a point considerably hi 
than in Test 1, namely, about half-way between defi 
and moderate. 

Test 3, Fig. 4, was run on the following morning att 
the room had been closed with virtually no ventilat 
during the night. The air quantities were reduce 
500 cfm recirculation, 80 cfm outside air, a tota 
580 cfm, or 7.4 air changes per hour, calculated 
the amount of outside air plus the amount of air pass 
through the odor adsorbers. The fan delivered 750 
of which 170 cfm were drawn into the fan suct 
through an open door and were not treated in any 
The temperature, as well as the humidity, was very hig 
and, undoubtedly, contributed to more rapid odor 
eration. Another reason for high odor generation 
the fact that the test was run only a few days b 
the regular periodic cleaning of all of the cages and 
room. It should be noted that the odor intensit 
the start was observed to be higher than very stro) 
As the test proceeded, the odor level dropped but 
to a point still considerably above strong. 

Test 4, Fig. 5, was conducted on the morning o 
day of the regular periodic cleaning of the room. 


the 


ry 
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Fig. 5—Odor observations for Test 4 started at 10:00 a. m 
on July 19, 1937 
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Fig. 6—Odor observations for Test 5 started at 10:10 a. m. 
on July 24, 1937 


quantities s¢ lected were YOO cim recirculatior 230 
m outside, or a total of 1130 cfm, or 14.4 air changes 
per hour. The odor was reported above very stron 
at the beginning, but it was reduced rapidly until 1 


reached a level near threshold at the end of 180 min 
This is the same level reached by Test 1 but required 
1 somewhat longer period in spite of a slightly increased 
air change. 

fest 5, Fig. 6, was run on the fifth day after the cages 
and room were thoroughly cleaned. The air quantities 
were approximately the same as in Test 4, namely, 925 
cfm recirculated air and 230 cfm outside air, or a total 
of 1155 cfm, or 14.7 air changes per hour. Due, no 
doubt, to the cleaner condition of the cages, a much 
steeper curve was observed, reaching nearly to its final 
level after about 90 min. 

On each of Figs. 2 to 6 inclusive, an additional grap 
is shown near the bottom reporting observations at 
points G which are the delivery openings in the ducts 


In every case, except Test 3, Fig. 4, this graph is plotted 


bel the threshold level as no animal odor was noted 
at the duct delivery points. In Test 3, 170 cfm, or 23 


per cent of the total air delivery was untreated and car 
ried the same odor content as the room air. It would 
be expected, therefore, that the odor noted at points G 


would be considerably below the odor intensity in the 
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changes per hour hese tests indicate that outside air 


in these quantities displaces ammonia at a sufficient rate 


to maintain satisfactory conditions 
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Correlating Thermal Research 


As a part of the efforts of the A. S. H. V. 


I’. Research Laboratory to correlate research in thermal engin 


ing carried on by the many institutions engaged in such work, and to disseminate the published results of s 


studies together with other reports of progress in the field, and in order to make this information available to 
membership of the Society, there will be published monthly on this page a limited number of brief abstract 


articles which it is believed will be of interest to all concerned. 
S. Bureau of Mines Experiment Station, Pittsburgh, Pa. 


A. S. H. V. E. Research Laboratory, U 
FF. C. Houghten, Director. 


® Does Preheated Air Decrease Flue Gas Temperatures? by J. R. 
Darnell. Power Plant Engineering, Vol. XLII, No. 2, Feb. 1938, 
pp. 142-143 \uthor 


preheated air decreases flue gas temperatures 


discusses his reasons for believing that 
References are 
given from literature, showing that some tests have been made 
which seem to uphold his contention. 

® Protective Coatings for Underground Piping Systems. U. S. 
Dept. of Commerce, National Bureau of Standards, Washington, 
D. C. Letter Circular LC-510, Jan. 3, 1938, 26 pages. Abstracts 
and summaries of 29 articles and reports, relating to protective 
coatings for underground piping systems, show recent investiga- 
tions and developments in this field. Title and author of article 
are given, also publication data in one or more magazines show- 
ing where the article may be obtained. 

® Symposium on Corrosion Testing Procedures. American So 


ciety of Testing Materials, 131 pages, 7 technical papers. Price 


$1.25. Papers include: principles of corrosion testing; atmos- 


pheric and salt spray testing; electrical resistance method of 
determining corrosion rates; corrosion testing methods for cop- 
per alloys; standardizing liquid corrosion tests; and soil cor 
rosion testing. 

® Air Conditioning of Railroad Passenger Cars, L. W. Wallace 


Vechanical Engineers, 
Brief sketch of de- 


and G. C. Early. American Society of 
Transactions, 59, pp. 733-740, Nov. 1937. 
velopment of railroad air conditioning and methods of refrigera 
tion used for cooling passenger cars. Results of passenger-car 
air conditioning study in 1936. Tables and curves are given 
showing the total cost of the different methods of air condition 
ing for a variety of operating conditions. 

® Power for Air Conditioning, by A. D. Marston. Power Plant 
Engineering, Feb. 1938, Vol. XLII, No. 2, pp. 125-126. 
sion of method of estimating hours of operation per month for 


Discus 
an air conditioning system. Data are given for summer cooling 
for the Kansas City district, with an example using data for a 
restaurant with 20 hp installation. 

® Air Conditioning with Ice, by C. D. Robinson. Jce and Re 
frigeration, Vol. XCIV, No. 2, Feb. 1938, pp. 105-106. 
of an experiment in the use of ice as cooling medium for sum 


Results 


mer air conditioning of a four story office building and an eight 
room residence in Omaha. Cost of installation of air condition 
ing system and yearly operating costs. 
. 


Refrigeration Storage Applied to Air Conditioning. Kefrig 
erating Engineering, Vol. 35, Nos. 2, and 3, Feb, 1938, pp. 92-96 
and March 1938, pp. 178-182. Refrigeration storage can modify 
the characteristics of air conditioning load so as to benefit both 
the customer and the utility company, and lower power costs tor 
an air conditioning service. Discussion of economic background 
of refrigeration storage or hold-over. Data on cost of power 
supply for commercial air conditioning loads. Description of 
methods for storing refrigeration and construction details for 
some typical installations. Determination of economic amount 
of storage desirable. Details of some refrigeration-storage sys- 
tems now in operation 

® Extended Surface Cooling Units, by R. H. Swart. Refrigerat- 
ing Engineering, Feb. 1938, Vol. 35, No. 2, pp. 107-115. Mathe- 
matical discussion of design calculations of extended surface 
cooling units. Study of type of refrigerants, air characteristics 
desired, size and material of tubing and material and design of 


fins. 
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W. L. Fleisher, Chaz 


COMMITTEE ON RESEA} 


® Strength, Water Absorption, and Resistance to Freezir 
Thawing of Sand-lime Bricks, by John W. McBurney and 
Eberle. U. S. Dept. of Commerce, National Bureau of Star 
Research Paper, RP1065, Vol. 20, Jan. 1938, pp. 67-76. R 
of tests to determine the possibility of providing measures 
durability of sand-lime brick, based upon correlation 
physical properties and resistance to freezing and thawing 
on bricks from 11 plants from principal brick producing 
of. u. 3. 
® Humidity Measurement, by Arthur W. Ewell. Kef) 
Engineering, Vol. 35, No. 3, March 1938, pp. 176-177. D 
sion of measurement of humidity in air at low temperatur: 
Weather Bureau tables of relative humidity below 32 


methods of tests and conclusions. 


much higher than similar English and German tables. Dat 
relationship of wet- and dry-bulb temperatures below f1 
and per cent of relative humidity in air. 

® Savings in Fuel Consumption. Domestic Engineeri) 

151, No. 3, Mar. 1938, pp. 54-55. Discussion of reduction 
consumption by use of reduced night temperatures due to tl 
static control. 

© Smartly Run School Plant Saves $6600 a Year on Sli 
Power, Jan. 1938, Vol. 82, No. 1, pp. 40-41. Discu 
of survey made at Fullerton Union High School which say 


Budget. 
school $6600 per year. Description of several minor cl 
made to improve operating conditions 

® First City of Steel Houses Planned for U. 
tion. The lron Age, Feb. 17, 1938, pp. 80-82. 
small homes to be built for employees of Carnegie-Illinois 


S. Steel ¢ 
Descript 
Co. at new Irvin, Pa. works. Also description of five-u 
steel prefabricated farm buildings, including house, barn, » 
house and smoke shed, which is to be available unassem! 
$2000. Farm buildings are part of Federal F. S. A.’s pr 
for developing adequate dwellings for low-income farm 
Buildings will be fireproof, lightning-proof, vermin-proof 
termite-proot. 

® Fundamentals of Fuel Oil Combustion, by E. G. R 
Power Plant Engineering, Vol. XLII, No. 2, Feb. 1938, pp 
114. Theory of burning fuel oil in the combustion zon 
An out! 


the general process of burning as a guide to improveme: 


some facts and conclusions developed therefrom, 
operation in a power plant furnace. Fundamental requir 

for efficient operation listed for oil-fired furnaces 

® Harmful Industrial Dusts, R. R. Sayers, U. S. Public H 
Public Health Reports, Vol. 53, No. 6, Feb. 11 8 


Description and discussion of various kinds « 


Service. 
pp. 217-228. 
Organic dusts discussed under headings of non-living dusts 
and irritant; living dusts such as bacteria and fungi; als 
ganic dusts. Methods of dust control from point of \ 
the engineer and the medical man. 

® The Fabric of Modern Buildings, by E. G. Warland. Pu 
Pri 0 


net. Indication of various problems of framed structures 


11 


by Sir Isaac Pitman and Sons, Limited, London. 


day, especially those of mechanical equipment and ins! 
against noise. Discussion of materials used from foundat 
the roof of several new steel frame buildings. Only a litt! 
sideration of reinforced concrete. Many isometric illustt 
® Ventilatoren, by B. Eck. Published by Julius Springer 


197 pages. Price 13.50 rm. Treatise on design, constructior 
and operating characteristics of centrifugal and screw b 
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Air View of The Homestead, 


( 1 e S« ‘ 1 sel < i 
eart of the Allegheny Mountains, T H 
‘ gs, Va tor the Summ Meeting 1938 and ses s 
n June 20 to 22 The hotel is situated 1 pari 
' j »* i 
rai thousand acres at an cleva I I 00 Tt and p ‘ 
’ ae A 
undings make it idea is mer meeting 
re are 1 vays t p the utd r diversior tH 
» s re tiv H mest the Cas ace rses ! 
rivil ra und odland 1s, te 
swin rt tcl I Ss aft the ( ~ acd S im i 
springs hatl the ca y Opa | those 
ss stret s sport the ire horseshoe-pitchi rox 
g and iteresting ilk ear the hotel as well as 
, , , 
sions su S ul t v ’ v cards i 
ind conct 
I I Holt Gurney is ap te i TCommittes \ i 
the personne t wi | s | \. Donnelly Largent, W \ 


Ir., Charlottesville, \ 
Washington, D. | 


(durusoftt 


i, (ra 
M ston, Blacksburg, Va ' 
P s are being formulated for three technical sessi 
> papers and reports will be presented, an informal 
t local chapter problems, meetings of the Cour 
nating {ommuittees ( ommiuttec on Researcl and i af 
technical committees \ 
\n entertainment program for members and ladi s be 
so that there will be something to do for everybody. TI v 
will contend for the Research and Chapter Cups and tl .- 
i banquet and dance 
Service at The Homestead is on the Am« rican Plan and rate ‘ 
re 59 per person per day for two people in a room, $10 per p 
s day for single cupancy - 
mmodations are available for 60 people in Vine Cottag: M 
iscades Inn where the rate is $6 per day per person Amet 
Plan. (Vine Cottage is five minutes walk from The Hom " 
and Cascades Inn is three miles away) 
roads lead to The Homestead at Hot Springs fron H 
very direction and members from New England, New Yor! le 
] elphia, Baltimore and Washington, will find that the Sher eepi 
Valley and the Skyline Drive contain much of sce: hart 
while those members from Toronto, Buffalo, Pittsburg! sun 
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Radio Audience Hears About Air 


| 


NE of the interesting highlights at the 44th An the air conditioning of the tunnel from the water’s edg: 
nual Meeting of the Society was a broadcast New York portal. About two blocks from here, rig 


arranged from one of the ventilating towers of edge of the Hudson river, another great plant is operat 


the new Lincoln Tanest- in New York. purifies the air from the shore to the center of the riv 
’ , , the New Jersey side another plant takes care of the t 

David Driscoll of the special features division of the TS CE SMR EE 

= ; river tawken port: 

\Vlutual Broadcasting Co., handled the broadcast which aad How dese the alr actually ciecalate, Me. Dar 

went over the entire Mutual net work of 68 stations Dhawan + Be te Garcad trace the Ulowere 00 Gia bette af ¢ 

trom coast to coast. nel. The roadbed is elevated about 6 ft above the very 
Participating in the broadcast program were A. ( the tube; in other words the roadway is really a fals 

Davis, superintendent of maintenance of the Port of New and beneath flows the air which is allowed td filter 

York Authority projects and a member of the Society, ducts along the lower edge of the highway. The 

FE. Holt Gurney, President of the Society, and Wal tunnel is of a similar design, except the air is suck 


, cavity. back through great pipes to this buildi 
ter L.. Fleisher, Chairman of its Committee on Research --" ; pu 
and finally released through the roof 


> 


ng is a transcript of the broadcast: 


DRISCOLI How much power does it take t 1 
DRISCOLI Good afternoon, ladies and gentlemen, this 1s Dave ers and exhaust fans 
Driscoll speaking from the control room of the New York Land Davis It takes a lot of power All in all t 
Building of the Port Authority at 39th street and 11th Aven: We have 15 huge fans, ranging in rsepowe! 
THe Amt AN Society oF HEATING AND VENTILATING ENGI I'welve of these fans are located in this building, 7 in t 
has been in convention in this city during the entire weel Building and 13 on the New Jersey side The ca 
and as a salute to this organization and to the progress made in tans ranges trom 10,600 to 280,000 « 
heating and ventilation we are going to take you on a quick rad total capacitv per ‘ is the equivalent { 
tour of this giant shaft, one of three, which alternately blows power of the fans ranges from 17 to 270 hp 
and sucks out of the Lincoln Tunnel almost 2,000,000 cu it DRISCOLI I think it might be interesting 1 
air a minute, one of the greatest ventilation feats in histor this building has six floors, each with its quota of far 
The Lincoln Tunnel connects midtown Manhattan with We hausters. In the position in the control room on 
hawker N. J., and a great network of highways that extend to floor the onlv sound is that of a deep hum. but up 
all parts of the United States. It is the newest contribution to floors it’s a different story Mr. Davis. a mi shone 
fast, efficient and modern motor transportation on the Easter installed on the floor above where the fans have been shut 
seaboard, a sister as it were to the already world famous Hol If vou will give the order to start things r lline 
lar d lunnel at the lower end of the city ot New Ye rk will e transterred toa point within 9 ft of 
With me in this control room are A. C. Davis, superintendent friends can hear what it sounds like 
of maintenance of the Port Authority projects; E. Holt Gurney Davis: That's a good idea I'll phone 
newly elected president of the AMERICAN Soctety oF HEATIN« room of the entire svysten That’s on the New |] 
AND VENTILATING ENGINEERS, and Walter L. Fleisher, chairman the river. 
ot the Society's Research Committee With such guides it [he tans will start to roll in just a moment 
should be easy to find our way around the maze of blowers DrIscol I have a pair of head es here tha 
fans and other equipment in this building vhen thev start 
Mr. Davis, how are these hundreds ot thousands of cubic feet Mr. Gurnev and Mr. Fleisher have been sta 
tf air pumped into the tunnel, and likewise how are they draw: es on the rows twinkling lights on the cor . «=. 
out ng like the I erbial cat that ate the n st \\ 
Day \t maximum capacity 1,736,000 cu ft Of air are cir progress of engineering must hye ; particular sat 
culated in the Lincoln Tunnel. It is blown into the shaft by great engineers such as vou. How about it. Mr. Gurn 
blowers in three separate buildings, of which this is one. This is GURNEY \There’s only one phrase that desct1 
nown as the New York Land Building and is responsible for It’s a honey! Manv of the engineers of our Society 1 


through here during the past week and they all were of t 

Drisco Little does the motorist realize whet 
through the Lincoln Tunnel what hundreds of thousands 
hours have been put into the construction of devices 
safety and convenience. There go the fans though, so 
our controls to the first floor blower roon 

Davis: Mr. Driscoll, perhaps, you would like to 
at the room where we test the purity of the tunnel ai 

Drisco_._: Fine, lead the way Mr. Davis, what was t 


of construction of this plant? 


Davis: Roughly $2,000,000 for the construction of tl 
the installation of the ventilation fans and the control equ 
That doesn’t include the installation of the ducts in tl 
which were considered part of the general constructiot 

Drisco.tt: Big figures usually mean a big job. Runm 
Lincoln Tunnel must be quite a task. 

Davis: Well, figures are sometimes boring but here ar¢ 





The tunnel is 8215 ft from portal to portal, a little und 


At Lincoln Tunnel Broadcast: (left to right) A. C. Davis, David miles. rhe lowest point of the roadway awe below . 
Driscoll, Pres. E. Holt Gurney, and W. L. Fleisher face of the Hudson river. Operation of the tunnel requ 


+} 
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iway 21 


operate one Way 
ISCOLI That’s enough, Mr. Davis. I can see what a 
avis: All right, but here is the room in whi we test the 
itv of the tunnel au You will notice all of these chron 
-s and glass tubes, et 
mRISCOLI I get the genet il idea, Mr, Davis wut I’m not g re 
orry about it. It’s a little technical for me. I'll just driv , 
ih the tunnel knowing that its operation is in capa 
some contrast to the days when we had to wait 
s for hours, for a ter wat Now we a \ ( , , 
ver in less tha n But let’s turn to Mr. G é ’ 
eisher tor a ( moment M (urnes i Pres 
\MER AN SOCIE 0 HEA AND \ I X 4 
~ al y t Ss wnat oT ect suc i \\ i 
means to the layma 
NEY: | S anothe \ el exalmpl ul 
the for at \ lone t 
ect. t irnmess the ill I ‘ ate and \I 
whirlwind at thousands wutoists may trave é 
S Rivet mtort Stat 
eed, it re impor in this, for s rem + | ‘ 
eering feats as the | é i el W ld i 
re ne ee pw Prof. Philip Drinker Addresses 
When the gyptians -UU0U ears am ! i 
devices vhu hue fans tri athe ve r 35 
liatec ) ives t make tf 1 ar¢ ta it ft I 
gaging the scienct f ventilation ! t I ( ( 
i Pre { 
ive ‘ t s I ectri la ver i I ‘ 
i ve i ( ective t i t ‘ I 
. it i Ca \ Y { entilat \ 
which ‘is called a 19 
\MER \ SOK \ LEAT ‘ AND Vi \ P 
appy to take part this instructive broadcast becaus M M 
irs it is devoted itselt to the development an ipp t } t \ 
I ew K wlede¢ 1 ventiiat n the p ] rere I M | 
( \ vy Mr. Fi é what significance | P 
great eng er ng roject McD 
HER: It seems to me that there is a definite relat s t . 
een this high! nteresting a spectacular ventilating ten ( A eta 
t eve lay experiences r yp le their homes 
ustrates one of t cardinal principles of air condit 
it air movement and ait rity are as important to ou Michigan ( hapter kr 
rt as is the correct temperature und humuidit tt i . L929 
eathe \ ; ‘ Ty 
What is being done here on a large scale is similar rit ’ t 4 
to what the AMERICAN Socrety oF HEATING AND VEN ; hy Stee 
ENGINEERS, through its cooperative and individual r¢ : ; . . ay” ee 
I is doing to improve technical knowledge about Lome » tan : r ie 
ition and all the factors which enable engineers to creat 
rtificial condition of the atmosphere most conducive to healt! . 
waiogs Elected 
In the Research Laboratory of the AMERICAN SocII Oo! 
H NG AND VENTILATING ENGINEERS at Pittsburgh, we art 
ng many different phases of ventilation both from th 
bout drafts 





Hea 


” 


; 


estigating 
In fact, ventilation is coming to play an increasingly im- 
part in air conditioning 
as it keeps the air pure in the Lincoln Tunnel, so in our 
ré 





ite police force of 113 men and a maintenance crew ot 87 

e hundred seventy 150-watt electric lights line the tunnel 

is in addition to the red, green and amber signal lights every : com & , ' 

tt on either side. Trafic tlows in both directions over a bury ' - nort u ipp 
ft wide. When the second tube is completed trafi responsi position with the G 


he Holland Tunnel 


in each, as in tl 


int of health and disease—from finding out a 


the effect of wind velocity 


build 


against tall | 


it drives out stale air, helps to dissipate odors and 
No more striking example of its value 
interesting application whicl : 
m R. H. Feltwell 
Washington, D.C. 
Elected 1905 


excess body heat. 
e found than in this very 
ve had the privilege of seeing and interpreting to the radi 


ce. 
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Russell 


Michigan ( 


Walter Leek 
Vancouver, B.C. 
Elected 1903 


Ontario ¢ hapter 


To Life Membership 


T. N. Thomson 
Huntington, N.Y. 
Elected 1899 








Heating - Piping oxt 


Washington, D. C. Chapter 


Holds Regular Meetings 


February 2, 1938. Secy. L. F. Nordine has reported that the 
routine business was dispensed with at this meeting of Wash- 
ington, D. C. Chapter, and the speaker of the evening was Wil 
liam Goodman, research engineer, Trane Co 

Dehumidification of Air with 


conditioning 


Mr. Goodman's subject was 


Coils and in his talk he thoroughly covered ai 


problems 

The meeting was an enthusiastic one and approximately 60 
members and guests attended 

\ccording to Secretary Nordine the financial condition of the 


Chapter is satisfactory and its strength in membership and 
finance is constantly growing. 

January 12, 1938, Fifty members and guests of Washington, 
D. C. Chapter were present and at this meeting 18 new members 
athliated with the local organization. 


Pres | 


with the Department of Health on cooperative rules and stand 


Ourusoff presided and announced continued activity 


improving air conditioning and heating installations in 


The activity of the Chapter with ret 
District of Co 


ards for 
the District of Columbia 
erence to the registration of engineers for the 


lumbia was brought to the attention of the meeting 


Following the business session Mr. Kugle, smoke inspector, 
District of Columbia, was the speaker of the evening. In his 
talk he outlined the history of smoke inspection, local smok« 


regulations from an engineering viewpoint, problems with ret 


erence to health and economy, and local poli ies with reference 
contractor and engineet 
Washington, 


} 


to the owner, architect, designer, 
December 8, 1937. An interesting meeting ot 


LD). C. Chapter was preceded by dinner with about 50 members 


d guests attending 
Pre s | . 
Fk. k. Spurney, 


Installation Problems in Modern Building. 


Ourusoff presided and the principal speaker was 


whose subject was Mechanical Construction and 


umons, cooperation 


Mr. Spurrey’s talk concerned labor 
tween engineers, contractors and architects, and problems of 
building construction 


Vovember 10, 1937 \ dinner was held prior to the regular 


meeting of Washington, D. C. Chapter, and as there was no pat 


ticular business to transact, the meeting was turned over to 
Prof. C. P. Yaglou, Harvard School of Public Health, Boston 
Mass., who was the speaker. 

An address on Air Conditioning and Its Effect on Health, 
Comfort and Disease was given by Professor Yaglou, and was 


very interesting to the 55 members and guests present 


40 members and guests at 


Chapter, when the 


October 13, 1937. Approximately 


tended the meeting of Washington, D. (¢ 
business meeting was preceded by the usual dinner and _ social 
hour. 

The first order of business was Pres. L. Ourusoff’s report of 
activities of the officers during the vacation period, and an an- 
nouncement of plans for the 1937-38 season. 

C. W. Walton, Jr., mechanical engineer, Rockefeller Center, 
New York City, 


tion and maintenanee of the air conditioning systems at Rocke 


addressed the meeting and described the opera 


feller Center 


Condensation in Building Walls 


Interests Wisconsin Chapter 


Members of the Wisconsin Chapter held a 


rhe speaker of the eve- 


January 17, 1988. 
meeting at the City Club, Milwaukee 
nine was L. V. Teesdale, senior engineer, Forest Products Lal 
oratory, Madison, Wis. 

C. H. Randolph introduced Mr. Teesdale, who spoke on Con- 
Walls Mr. Teesdale stated that con- 


densation difficulties in this country are region 


densation in Building 


common in the 
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Air Conditioning 


Section 


north of the Ohio River and east of the Rockies. In th 
dress, data were presented which were obtained fron 


house on the roof of the laboratory. This house was const: 


with various wall sections. Additional data were obtaine: 
test rooms in the laboratory, in which a fixed conditio: 
temperature, and 10 per cent relative humidity was maint 
In general Mr. Teesdale recommended as a means of 
tion against moisture the use of a vapor barrier, such as 
under the plaster base where homes are under construct 
aluminum paint on the plaster for existing homes 
formal presentation 


evidence of the interest of Wisconsin Chapter in the subj: 


The questions which followed the 


December 20, 1937, There were 28 members and guest 


dinner of Wisconsin Chapter held at the City Club, Milw 
and several additional members came later for the cof 
and meeting, according to the report of Secy. H. rent 


Prof. G. L. Larson showed a movie taken during a 


through upper Ontario. These movies were very 
from the fact that they were taken in primeval count: 
with Professor Larson’s description of their living « 


and their sole dependence upon their own resources 
more any question as to the size of the fish and the 
the fishing country was eliminated 

rhe coffee talk was followed by an open forum in 
sure drops through ventilating hoods in industrial app! 


given in the Wisconsin Safety Code, were discussed \ 


was made and seconded that the Board of Governors 


Industrial Commission of Madison with reference to t 
ot the code. 

Other subjects under discussion were ventilation 
toriums and the question as to whether or not boilers 


installed for a total maximum load or only for alternats 


\fter discussing the possibility of changing future non 
tor the Board of Governors, it was voted that the 
Governors prepare a suitable amendment to the Cons 


be submitted to the Chapter for approval 


Texas Chapter Holds Meeting in San Antonio 


Texas Chapter held a meeti 


Antonio, 


Dallas, College statior 


January 15, 1938 
Anthony Hotel in San 
Houston, 


Antonio. 


when 49 members 


gathered from 


\ustin, and San 
} 


Pres. R. F. Taylor presided, and following din 


upon M. | 


Diver and A. J. Rummel to present the guest 


ers of the evening. W. D. Masterson, manager, City of S 
\ntonio Water Board, presented a paper on The Rel 
\ir Conditioning in Texas to the Water Supply; Prof. H 
Degler, Department of Mechanical Engineering, Univer 
Texas, spoke on the subject of The Place of Ice in Air | 
tioning 

Secy. W. H. Badgett has reported that the Chapter w 
record as heartily endorsing the effort of the Kansas City | 
ter to secure the 1940 Annual Meeting of the Society ar 
position, or the 1941 Annual Meeting. 

It was reported by Secretary Badgett that there wer 
plications for membership in the Society from Texas |x 
action of the Council, and that upon their election there 
be 82 members in the state, an increase of 100 per cent 
the Chapter was organized a year ago. 

Che meeting adjourned to meet in Houston February 
44th Annual Meeting 
Reviewed to Atlanta Chapter 

February 1, 1938. Pres. E. W. Klein presided at the 
meeting of the Atlanta Chapter which was held at the Bil 
Hotel. 

After the reading of the minutes of the previous m: 
which were approved, and the reading of several commun! 

Os 
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ved from A.S.H.V.E. headquarters, President Klein gav ng hos] 
nplete and comprehensive report of his trip as Chapter Dek ippre N 
to the Annual Meeting of tl ] 


he Society and the 5th Inter 
nal Heating and Ventilating Exposition. Following this, 
Lawrence Kent gave an interesting discussion on some of the Heat Control and Insulation Discussed at 
' rs which were presented at the meeting of the Nationa ; 
I > . \ ° 
ae , : Stes odie 5 mn - 
Worm Air Heating and Air Conditioning Association which was Philadelphia Meeting 
time oft the A.S.H.V.E. meeting 


scussion oO! tuture meeting | 


in New York during th 


programs tollowed and H. K Chant a 
McCain was appoimted to communicate with Albert Buenge: : ee ae 
ton, Ohio It was also decided to contact Herman Seid t a an 
speak to the Chapter at some future date on the subject of A P 
ditioning Patents M. G. Driscoll will address the Chapte ; ' 
early date on Silica Gel ee 
wrding to the report of Se ( [. Baker the meeting ; t 
rned at 9:30 p. n 
St. Louis Chapter Has C. S. Leopold 
and Dr. Mills as Speakers C 
i > > l s er the + 
and the ( , e \4 
{ 1 w he Pi) ‘ ‘ 
S. Leop t eer, PI ‘ 
, ar ; \ { A " t - | 
es of 100 1 ) 
T ‘ { 
’ ‘ i t ‘ 
£ S t Be: I { ! M. 5 
j is \ e-P ( < ‘ én 
‘ \ ( apt {, ¢ < { \\ 
. ] ; & nresce x 
tink ; on P 
¢ 1 tte 
S Mr. ( t t 
A. Mi «rimental Mi or 
‘ nat yy M i ‘) 
rs Palas ‘ / 
k wit é ir. M 4 , 
, 3 


Effect of Air Conditioning on Disease os pag ae . 


| mmr { | ] } Mi 
Subject of Lowa-Nebraska Chapter t t 


i x 1O38 The « ; eeting the ’ y 
ter was he at thre te | +) d Des \l 


e Pres. A. L. Walters presided 


and after t eading of S ' , 
tes, which were ippr ved. he gave a detailed report ¢ f t eat , \\ sae Ket 
Society's Annual Meeting held in New York City dur th, lar Q ter oe tile Me Ke 
ot January 24 id w ne ; , 
> W. R. Whit suggested that the next Chapter meeting \s ‘ te 
lt at the Universitv of Nebraska. to be followed » meet eI , , ' uf es 
£ t the Iowa State Coll ve, thus holding one meeting a i 
ot these two colleges Pit 
onclusion of the business meeting Vice Presid ' 
I ntroduced the speake i the evening ) I \ t \ 
Chicago, Ill, who spoke on the subject of The Effect of Air 
t ng on Com*itort Healt ind Disease Accor o t 
many diseases are « tracted through the nose a ' \4 ‘ 
He pointed out the advance that has been made bv t ‘ Pre ‘ 
, ; ; ‘ rr 
profession in the elimination ¢ ertain diseases ul \ 
t] it Sanitat 1 is heer resp sible for ’ drast d 
n typhoid and similar diseases On the other hand. } (Vcore on ( ‘ SH\ 
that there had been almost no progress shown it . ,™M , “4 
the diseases associated with the respiratory organs Dr ( er P tla , ‘ 
ustrated his lecture with slides nd a brother. Rober aeaesineni : , vP 
: cussion followed Dr. Hill’s very interesting talk, includ Rolton. ot Charlest 


Heatrne, Piptinc ann Am Conprriontrnc. Aprit. 1938 


9 








CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their 1 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted up 


the Committee on Admission and Advancement as soon as possible. 


When the Committee on Admission and Advancement has acted favorably upon a Candidate's application and assign 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past 
36 applications for membership have been received and the names of these men and their sponsors are published in the following 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in tur 
Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advisir 
Secretary promptly of any whose eligibility for membership is in any way questioned. 


1 
y 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which 
duty of every member to promote. 
Unless objection is made by some member by April 15, 1938, these candidates will be balloted upon by the Counci 


elected to membership will be notified by the Secretary immediately after election 


CANDIDATES REFERENCES 
P) posers a 
ABRAMSON, RaAtpH, Htg. & Air Tempering Engr., Max Miller, Max Miller (Non-Member Thomas Wilsot 
Chicago, Ill. F. L. Hutchinson B. M. Garland (A 
(Non-Member) 
Boerum, H. F., Jr, Exec. Vice Pres., Beacon Air Cond. & Con \. L. Baum \. C. Buensod 
trols Corp., Beacon, N. ¥ Harry Fiedle Gerald Ross \ 
Cameron, R. T., Student, Carnegie Inst. of Tech., Pittsburgh, C. M. Humphreys P. A. Edwards 
Pa lr. F. Rockwell R. B. Stanger 
Carte, Ira, Student, University of Minn., Minneapolis, Minn F. B. Rowley R. C. Jordan 
\. B. Algren H. M. Betts 
CLark, L. W., Engr., Hall-Neal Furnace Co., Indianapolis, Ind G. A. Voorhees E. S. Hildreth 
1. D. Hoffman S. E. Fenstermaker 
Doerr, C. F., Student, Lewis Inst., Chicago, II V. L. Sherman I. G. Bennett 1.5 
I. S. Kozacker 1LS.MJ F A. Rogers (A_/.} 
Dutcuer, H. S., Engr., A. L. Hart, Inc., Brooklyn, N. ¥ Bernard Leventhal Henry Gitterman 
Irwin Jalonack J. R. Potter 
DykMAN, J. G., Htg. Contractor, Grand Rapids, Micl W. W. Bradfield F.:C. Warrer 
H. D. Bratt C. H. Morton 
Erisece, D. E., Owner, Eisele Engrg. Co., Appleton, Wis W. G. Boales r. A. Crawford (A 
Ek. N. McDonnell J. F. Tanton (AN 
Gray, E. W., Air Cond., Commercial Dept., Oklahoma Gas & E. F. Dawson F. E. Gieseck« 
Elec. Co., Oklahoma City, Okla. (Advancement) R. G. Dolan W. A. Russel] 
GustaFson, C. A., Sales Engr., The Powers Regulator Co., Chi M. W. Bishop \. L. Crump 
cago, III M. J. Bamond Tom Brown 
Henperson, A. S., Ir. Engr. Unit Air Conditioners Pty., Ltd I. W. Picot Arthur Pilz (A.M 
Sydney, Australia J. A. Robinson |. H. Liddle (4.8.4 
HinNANT, C. H., Jr., Chief Engr., Hungerford Coal Co., Ricl H. M. Rudio W. G. Stephenson 
mond, Va (Non-Member) 
J. A. Johnston E. T. Nichols (N V 
Horrsercer, J. P., Sales Mer., Wagner Elec. Corp., St. Louis, G. W. F. Myers L. R. Szombathy 
Mo. C. V. Allen G. B. Trahn (Non-Men 
Hotianp, G. R., Asst. Chemist, American Sugar Ref. Co., New J. F. Kern, Jr W. J. Morf (Non-Men 
York, N. Y. Lewis Graves (Non-Member) H. J. Bastone (4.C.S 
Homan, |. J. D., Engr., Tampa Armature Works, Inc., Tampa, H. C. Flanagan (Non-Member) Albert Haworth( Non-M 
Fla. J. C. Moxley (Non-Member) R. A. Menendez (A././ 
Jakory, A. C., Estimator & Designer, Sears Roebuck & Co., Mitchel Landau M. F. Blankin 
Philadelphia, Pa. C. W. Whitney H. H. Erickson 
Keiter, G. A., Asst. to Supt. of Engrg. & Maint., Abraham & C. R. Hiers R. B. Dale (A.S.M.F 
Straus, Brooklyn, N. Y. I. W. Hunter (4.S.M.E.) A. S. Egilsrud (4.S.M 
Kucuer, A. A. Mer. Air Cond. Engrg., Frigidaire Div., Gen H. B. Hull Albert Buenger 
eral Motors Corp., Dayton, Ohio Rothwell Woodward R. E. Gould (Non-Men 
KuNeN. Herpert, Mech. Engr., Anemostat Corp. of America, F. J. Kurth Ladislav Fischer 
New York, N. Y. Fritz Honerkamp C. R. Hutcheon 
LANG, Jacor, Proprietor, Lang & Lang, Richmond Hill, L. IL, F. B. Herty J. J. Deely 
N. ¥ W. H. Ballman J. E. Maynard 
Leicu. R. L.. Ener., Hart & Cooley Mfg. Co., Holland, Mich S. Konzo J. H. Walker 
( Remstatement ) S. H. Downs A. E, Knapp 
Rorinson, E. R., Development Engr., May Oil Burner Corp., J. deB. Shepard I. E. Seiter 
Baltimore. Md E. L. Crosby R. L. Leilich 
RoseneLatr. A. M., Partner, Rosenblatt & Hunt, Charleston, V. S. Day W. H. Carrier 
W H. | Yriscoll De mald French 


W. Va 
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